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Original Communications 


SOME LIMITATIONS OF VECTORCARDIOGRAPHY 


Davip BIBER, M.D., AND MortTIMER L. SCHWARTZ, M.D. 


IRVINGTON, N. J. 


HE vectorcardiogram was first proposed by Mann as a simplified version 

of the electrocardiogram.' It is simple because in any given plane one figure 
can be used instead of several leads. Furthermore, it is an excellent device for 
demonstrating the relationship of the various leads to each other. However, 
when vectorcardiography is compared with conventional electrocardiography 
its clinical value is seen to be limited. To illustrate some of these limitations the 
following case is cited: 

R. B., a 35-year-old man, was seen in the Irvington General Hospital, 
Cardiovascular Clinic, Oct. 6, 1952. He stated that about four weeks previously 
he had had severe chest pain lasting several hours. The history was otherwise 
negative, and the physical findings disclosed no abnormalities. When the twelve 
lead electrocardiogram taken on a direct-writer was completed and viewed, it 
occurred to us that some of the details of the complexes of the precordial leads 
would not be recorded on a vectorcardiogram if the latter were taken from 
peripheral leads. In order to test this idea more closely a posteroanterior lead 
was taken immediately without changing the patient’s position. 

- The expression ‘‘peripheral leads’’ refers to those leads taken at a distance 
from the heart. These include the limb leads and those trunk leads away from 
the precordial area. Precordial leads are not always peripheral; this is the pri- 
mary cause of the vectorcardiographic inadequacies described here. 

Lead PA, (Fig. 1), the posteroanterior lead, was a bipolar lead taken at 
the level of the tenth thoracic vertebra with one electrode at the right posterior 
axillary line and the other at the right anterior axillary line. The polarity was 
such that relative positivity at the anterior electrode produced an upward 
deflection. 


From the Cardiovascular Clinic, Irvington General Hospital, Irvington, N. J. 
Received for publication Feb. 7, 1953. 
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The frontal plane vectorcardiogram is shown in Fig. 2. The loops were 
constructed from Leads I and aVF of Fig. 1 in the following manner. The ampli- 
tude of the ventricular complex in each of these leads was determined at successive 
intervals of 0.01 second. By plotting these values the successive instantaneous 
vectors were obtained and marked off on Bayley’s triaxial reference system. 
Finally, the vectorcardiogram was constructed by drawing a smooth curve which 
started at the origin and passed through the distal points of the successive in- 


stantaneous vectors. 


Lead PA is a posteroanterior lead taken at the level of the tenth thoracic vertebra One 


Fig. 1 
electrode lies on the anterior axillary line and the other on the posterior axillary line When the an- 


terior electrode is relatively positive an upright complex is being inscribed 


The ventricular complexes seen in Fig. 2 were constructed from this vector- 
cardiogram in a manner similar to that which will be described for aV,. An 
observer in Fig. 2 looking down the line of aV from the electrode position toward 
the center of the reference system views the loop as positive or negative depending 
upon whether or not it lies on the proximal or distal side of the line (in this case, 
Lead I1) which is perpendicular to the lead we are deriving (in this case, aV_). 
Thus, it is seen that the QRS complex of aV x is at first slightly negative and then 
markedly positive; the T wave as indicated by the smaller loop is negative 


throughout the cycle. 


| 
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AVL 


AVF 


Fig. 2.—The frontal plane vectorcardiogram and the ventricular complexes derived from it. 
vectorcardiogram 


The 

was constructed from Leads I and aV,y of Fig. 1 as described in the text. The QRS 
loop is the larger. The dots on it represent the distal ends of the successive instantaneous vectors, 
indicate the position in time of each of these vectors. Note that 


the ventricular 
complexes portrayed above resemble fairly closely the corresponding complexes of the electrocardio- 
gram of Fig. 1. 


and the numerals 


Vb 


V/ V4 
x, 


Fig. 3.—The QRS loop is the larger. Both loops have been drawn by considering Lead I and Lead 
PA as lying in the horizontal plane at right angles to each other. The precordial complexes have been 
derived from the loops, It can be seen that they differ from those taken directly as seen in Fig. 1 


—_- 
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The ventricular complexes obtained from the QRS loop by this method 
resemble fairly closely the corresponding ventricular complexes of the electro- 
cardiogram of Fig. 1. One may conclude that in this case a vectorcardiogram 
derived from Leads I and aVF can, with fair accuracy, replace the six frontal 
plane leads. 

However, when the precordial leads are compared with the horizontal plane 
vectorcardiogram (Fig. 3) certain discrepancies are seen. 

1. Lead PA shows a QRS duration of 0.06 second and Lead I shows a QRS duration of 0.06 
to 0.07 second. Thus the QRS loop formed by the vector addition of these leads would have a 
duration of no more than 0.07 second. Such a loop could not indicate the fact that the QRS 
duration in Lead V, is 0.08 second. 

2. The ascending limb of the QRS complex in Lead V,4 shows an embryonic R which occurs 
about 0.03 second before the inscription of the complex is completed. Inspection of Leads I 
and PA shows that a vector loop derived from them will not reflect the true contour of Lead 
V,. Such a QRS loop, constructed by the vectorial addition of Lead I and Lead PA, is shown in 
Fig. 3. The diagram of the cross section of the thorax has been taken from another author.? 
Drawings of complexes derived from this loop are shown at their respective positions. 

3. The horizontal T loop derived from Leads I and PA is shown in Fig. 3. It is seen that 
such a loop would give a positive T in V;, V2, V3, and V4, a diphasic T in V5, and a negative T 
in Ve. Thus the electrocardiographic precordial lead T waves (Fig. 1) and the horizontal T loop 
do not correspond. 

4. In Lead V, (Fig. 1) the T wave has a greater amplitude than the QRS complex. The 


vectorcardiogram of Fig. 3 does not reflect this relationship. 


DISCUSSION 


It appears that the conventional electrocardiogram of Fig. 1 gives more 
information than could be obtained from a spatial vectorcardiogram derived 
from peripheral leads. One might object to such a conclusion on the grounds 
that the vectorcardiogram was not taken by means of a cathode-ray vectorgraph 
but was estimated from the electrocardiogram. However, the discrepancies are 
large enough to make it obvious that they are not the result of mechanical error. 

At this point it should be emphasized that under the most favorable circum- 
stances the QRS loop of the cathode-ray vectorgram can only equal and never 
exceed in accuracy the QRS complexes of the electrocardiogram. This statement 
applies also to the P and T loops. The cathode-ray tube does no more than add 
two leads vectorially. It can put nothing into the loop which it does not get from 
the leads, and it is unreasonable to ascribe properties to the loop which are not 
present in the leads from which it is derived. Anything added by the cathode-ray 
tube must be artifact. 

The discrepancies described above are not uncommon. 
case of “isolated T-wave negativity”’ in which a negative T wave was found at 
position V,, although the T wave was upright when recorded from positions all 
round this area.* Regardless of the cause of this phenomenon it may be stated 


that a vectorcardiogram taken with any system of peripheral leads would fail 


Grant describes a 


to reveal it. 
Duchosal and Grosgurin found that in eight of one hundred-two instances 
the horizontal QRS loop failed to correlate with conventional precordial leads.‘ 


BIBER AND SCHWARTZ: LIMITATIONS OF VECTORCARDIOGRAPHY 165 


They were able to explain these failures by means of one or the other of the 
following hypotheses: 1. There is a single instantaneous vector the origin of 
which is not constant but moves during the cycle. 2. There are two or more 
simultaneously acting vectors which do not create a single resultant field. Here 
again it is seen that if the vectorcardiogram and the electrocardiogram were both 
taken from peripheral leads there would be good correlation between them. The 
discrepancy occurred because in the eight patients described above the precordial 
leads were not peripheral. 

When peripheral leads are used it is possible to express the electrical forces 
of the heart as a single vector. In some individuals, however, the precordial 
leads are not truly peripheral so that electrical events relatively close to the 
electrode contribute more to the resultant potential than do more distant events. 
Consequently, in these circumstances the vectorcardiogram could not convey as 
much information as the electrocardiogram unless more than one vector were 
used. In connection with a discussion of intracardiac leads Kossmann and co- 
workers point out that the reduction of all the ventricular electromotive forces 
to a single vector is probably too gross for practical value.’ Burger and van 
Milaan come to the same conclusion on a simple mathematical basis. They 
state that “‘it is not self-evident that the electric action of the heart can be repre- 
sented by one heart-vector.”’ 

Consideration of the foregoing statements makes it appear that the clinician 
can take a three lead electrocardiogram consisting of Leads I, aVr, and PA, 
and get as much information from it as he can get from a vectorcardiogram. It 
also appears that in cases like the one described above, the vectorcardiogram may 
not prove as useful as the electrocardiogram with multiple precordial leads. 


CONCLUSIONS 


In some individuals the horizontal plane vectorcardiogram may fail to reflect 
changes which are recorded by the precordial leads of the electrocardiogram. 
Because of this situation the usefulness of the vectorcardiogram is limited and 
may not equal that of the conventional electrocardiogram. 
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THE EFFECT OF SURFACE AND RECORDING TECHNIQUE ON THE 
DIRECT BALLISTOCARDIOGRAM 


Ruett P. WALKER, M.D.,* T. J. REEves, M.D.,**§ Katuryn WILLIs, M.D., 
LYNN CHRISTIANSON, M.D., J. RusH Prerce, M.D., AND DONALD KAHN 


BIRMINGHAM, ALA. 


k ‘THE several methods used for the recording of ballistic waves, the Dock 

method has come into widest use because of its simplicity, low cost, and 
portability.!* It has the advantage of recording directly from the body and not 
through some added medium such as a table. However, there are numerous pit- 
falls inherent in the direct method. It is important to understand whether dis- 
placement or velocity or some combination of these two is being recorded.* There 
may be error caused by variation in the frequency response of the recording 
instrument,® by the type of pickup used, or by the type of surface on which the 
patient lies during the recording. The latter two factors are the principal con- 
siderations of this communication. 

A disturbing observation of the authors has been that a high percentage of 
young normal subjects have shown tracings of grossly abnormal form, as illus- 
trated in Fig. 1, A. An inspection of such tracings suggested that body oscilla- 
tions were distorting the pattern of the ballistocardiogram. Circulatory forces 
were apparently either being augmented or diminished, depending upon the phase 
of oscillation occurring at the time of the circulatory force. Moreover, it was 
noted that minor variations in recording surfaces, position of subject, and type of 
pickup caused significant changes in some of the deflections. The purpose of 


this report is to evaluate these factors. 


METHODS 


Surfaces.—All tracings were made in a room with a concrete floor. Varieties 
of substances tested included: concrete floor, heavy braced wood table, mat- 
tresses of Fiberglas, 2-inch foam rubber, and 2-inch kapok, various types of 
headrests and footrests, sand, and “putty.” Fiberglas is a commercial heat- 
insulating material used in a 6-inch thickness, lying directly on the concrete floor. 


From the Department of Medicine, Medical College of Alabama, Birmingham, Alabama. 
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The headrest consisted of a wood block lined with one-inch foam rubber and 
notched to conform to the head. The footrest consisted of a similar wood block, 
lined with foam rubber and notched to maintain the feet perpendicular to the 
table. For the studies in sand a wood box 2!% feet by 7 feet, lying on the concrete 
floor, was filled with 5 inches of sand and covered with an ordinary sheet. The 
‘“‘putty’’ used was a nonhardening caulking material, sold under the trade name 
Flexiseal, mixed with a little sand to increase its viscosity, and placed in a wood 
box similar to that used for the sand. 

Recording Instruments.—A four-channel Cambridge Simpliscribe direct- 
writing instrument was used. Ballistocardiographic pickups employed were: 
a commercial coil-magnet capacitor system similar to that described by Dock, a 
bellows air-conduction system, a Sanborn photoelectric cell, and a direct crystal 
pickup. All of these are displacement instruments with the exception of the coil- 
magnet capacitor instrument, which produces a tracing that is a combination of 
velocity and displacement. The coils of this pickup rested at about the middle 
of the subject’s shins, moving in relation to a fixed magnet. 


pe 


Fig. 1.—A. Ballistocardiogram on a 30-year-old, healthy man, made on the wooden table with a 
block beneath the heels and using coil-magnet with 25 microfarad capacitor. Note the marked oscilla- 
tory type pattern, almost a sine wave. 

B. Record of a 27-year-old, healthy man on floor, using coil-magnet with 25 microfarad capacitor. 
No block was used under heels. Note marked oscillatory type pattern. 

C. Record on same subject in the sand, using coil-magnet with 25 microfarad capacitor. Note 
that the tracing has become essentially normal. 

D. Record on 25-year-old, healthy man, made on table with block beneath heels and using coil- 
magnet with 25 microfarad capacitor. Note marked oscillatory type pattern. 

E. Record on same subject in sand, using bellows displacement recording technique. Note that 
the record now shows a classic ballistocardiographic pattern. 


| 
| 
ng 
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A direct crystal pickup with no filter was used as a check on the time lag 
and fidelity of the bellows air-conduction system. With this instrument the 
mechanical movements of the body were transmitted from the head by a steel 
rod directly to a piezoelectric crystal and relayed from there to the recording 
instrument. A Sanborn photoelectric cell, recording from either head or shins, 
was used as another check on the time lag and fidelity of the air-conduction 
system. 

The bellows displacement apparatus, recording from the subject's head, is 
the same in principle as that originally described by Dock.! A small cylindrical 
metal bellows has been substituted for the glycerin capsule and the entire trans- 
ducer system has been mounted in one compact unit on a lead weighted base 
largely protected from ambient vibration by several layers of damping material. 


Calibration and Evaluation of Instruments.—A mechanical sine wave gener- 
ator with a known range of motion from 0.003 to 0.024 inch and a range of fre- 
quencies from 0.8 cycle per second to 5 cycles per second was used to test the 
recording fidelity of the ballistocardiographic pickups. The forms of the recorded 
sine waves and their time relations to simultaneously recorded sine waves of the 
other pickups are useful in the evaluation of ballistocardiographic recording 
apparatus. 

PROCEDURES AND RESULTS 


Twelve healthy adult subjects were studied under a variety of recording 
conditions. Most tracings had simultaneous carotid pulses for timing, and many 
had velocity ballistocardiograms and electrocardiograms recorded simultaneously 
also. 

Surfaces.—Ballistocardiograms on healthy, young adults, recorded on a flat, 
hard surface with the coil-magnet containing a 25 microfarad capacitor frequently 
showed grossly abnormal ballistocardiographic patterns. It was noted also that 
the form of these complexes could be altered considerably by minor changes in 
position such as crossing the arms and by the application of a damping force. 

The first series of observations dealt with variations in recording on a wood 
table and on the concrete floor, in which footrests and headrests and mattresses 
were varied. Four healthy young adults were used as subjects. There were minor 
variations in wave patterns with various combinations. However, the most 
striking change occurred when a damping force was applied to the head of the 
subject. In some subjects this resulted in gross changes in the pattern of the 
wave, and in three of the four resulted in a marked shortening of the H-K time 
(Fig. 2). This led us to investigate the effect of surfaces which would have a more 
general damping action. ‘Sand was selected as such a surface, because we believed 
that it would have a general damping action, and because it is generally available. 

The second series of observations involved a comparison of a hard, flat 
surface and sand. As it had been observed that folding the arms would cause gross 
changes in the pattern in some subjects, the effect of arm folding on tracings made 
on the concrete floor and in the sand were studied in six healthy, normal adult 
subjects. Three of the subjects, whose patterns were of a grossly abnorma 
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oscillatory form on the floor, as illustrated in Fig. 1, B and 1, D, became essentially 
normal when recorded in the sand (Figs. 1, C and 1, E). Two subjects whose 
patterns had been comparatively normal on the floor with their arms at their 
sides (lig. 3, A) showed a definite shortening of the J-K downstroke when they 
folded their arms (Fig. 3, B). This change did not occur in the sand with folding 
of the arms (Fig. 3, C and 3, D). 

Because of the apparent advantage of a surface on which there is contact 
with the entire body from occiput to heels over a hard rigid surface, it was decided 
to compare sand with another similar surface, nonhardening putty. Recordings 


40 
—— Rw 
JR 
35 
ao 
256 
$s A 8B Cc D E F 
Fig. 2.—This is a graph showing changes in H-K time of four normal subjects under several condi- 


tions. Ccil-magnet transducer on shins was used with 25 microfarad capacitor. Along the abscissa 
are plotted the various conditions. Along the ordinate is the length of the H-K time in seconds. H-K 
time is the time from the H peak to the K nadir. Condition Sis in sand with arms at the side. Condi- 
tion A is on the table with a kapok mattress and foam rubber head and footrests. Condition Bis on the 
table with no mattress and with foam rubber head and footrests. Condition C is on the table with no 
mattress, with foam rubber head and footrests and with a stand against the head. Condition D is on 
the table with foam rubber headrest and with footrest without rubber, using no mattress. Condition E 
is on the table with foam rubber headrest, unnotched wooden footrest, and no mattress. Condition F 
is on the table with pillow headrest, unnotched wooden footrest, and no mattress. Condition G is on 
the table with no mattress and no head or footrests. Condition His on the floor with no mattress, foam 
rubber head, or footrests. Note the definite shortening of the H-K time in the sand and on the table 
with a damping force applied as in Condition C. The mechanism of this shortening is probably the 
bringing into prominence of an early K nadir which is otherwise concealed in the downstroke following 
the J peak. 


were made in the putty and then in the sand on four normal subjects. Study of 
these tracings revealed no significant difference between the two surfaces (Fig. 4). 
It was realized that even if putty and the sand should prove to be more satis- 
factory than the table or the floor for recording of the ballistocardiogram, both 
had definite objections as being somewhat impractical for general use. Since 
Fiberglas is an insulating material and has a damping effect, we thought it might 
be a practical material for this purpose (Fig. 5). Tracings were made also on a 
foam rubber mattress (Fig. 6). Both of these latter surfaces, however, produced 
tracings of a definite oscillatory pattern, and these surfaces were discarded. 
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Because of the interesting changes observed in the living subjects with 
changes in recording surface, it was decided to study the vibratory motion of the 
body in the absence of circulatory forces. Three cadavers were studied on the 
various surfaces. To impart motion to the cadavers a standard pendulum was 
used, as described by Reeves and associates.4- This consisted of a pendulum arm, 
18 inches long, suspended by means of roller bearings at the top and with a rubber 
handball on the bottom. This was released by an electromagnetic mechanism 


q 
B 
Cc 65586 | 
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Fig. 3.—Ballistocardiogram recorded on a 52-year-old, healthy man using a coil-magnet and a 25 
B is a tracing made on 


microfarad capacitor. A is a tracing made on the floor with arms at side 
made in the 


the floor with arms crossed. C is made in the sand with the arms at the side. D is 
sand with the arms crossed. Note the definite shortening of the J-K downstroke in B as compared 


to A and the absence of this shortening in D as compared with C. Thus the position of the arms altered 


the record on the floor but had no significant effect when the subject was lying in the sand. 

and allowed to fall through an arc of 45 degrees, striking a standard blow to the 
subject or cadaver. Several of these tracings are shown in Fig. 7. It can be seen 
from this cadaver study that the sand and putty had a damping action which 
shortened the length of time required for the oscillations to return to the base 
line. In one cadaver the vibratory frequency of the body was raised from about 
6 to about 9 cycles per second. In another cadaver the body frequency was about 
fifteen on all surfaces. In the third cadaver, which was very obese, the vibratory 
frequency was raised from 2.5 to 4.2. The damping effect and, perhaps in some 
subjects at least, the elevation of vibratory frequency of the body tended to pre- 
vent the gross distortion of the ballistocardiogram which is caused frequently by 
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Fig. 4.—Ballistocardiogram on a 25-year-old, healthy man, made with the bellows system. A was 


made in putty; 


B was made in sand. 


Note that there is very little difference in the tracings. 
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Fig. 5.—Ballistocardiogram made on a 25-year-old 
made with the subject on Fiberglas. Note the tendency 


EEE 
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man, 


on the Fiberglas, as compared to the sand, B. 


using the bellows system. 
toward an oscillatory pattern and loss of detail 


A is a tracing 
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oscillation of the body at its natural frequency. It is realized that this might not 
hold true in all subjects, but we have encountered only one subject in whom it 
did not hold. He was 76 inches tall, weighed 320 pounds, and was supported 
largely by the sides of the box, rather than the sand. 


Instruments.—Displacement tracings which we have made, using the photo- 
cell from the head, the bellows from the head, and the direct crystal pickup from 
the head are so similar in pattern and in timing that we considered these instru- 
ments virtually interchangeable. Since the bellows is the easiest to use, from a 
technical standpoint, we have employed it most often. In our earlier work we 
used the glycerin capsule pickup, as described by Dock.' It is reasonably satis- 
factory but seems to be subject to more variables than the other methods, espe- 
cially if any attempt is made to study wave-ratios. 


4 
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Fig. 6.—Ballistocardiogram made with the bellows system on a 26-year-old healthy man. Condi- 
tion A is on a foam rubber mattress on the concrete floor. Condition Bis directly on the concrete floor. 
Condition Cisinthesand. Note the transition from the gross oscillatory pattern to the normal ballisto- 


cardiogram. 
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The coil-magnet with the 25 microfarad capacitor recording from the shins 
(Fig. 8, A) usually showed tracings which were grossly similar to those recorded by 
other methods from the head. In general, there is less detail and several of the 
smaller waves are lost. Although the causes and significance of these waves are 
not understood, we nevertheless believe that they should be retained until their 
genesis is clear. 


ii 
| 
++ 


Fig. 7.—Tracings of cadaver movements following a standard pendulumtap. Coil-magnet on shins 
with 25 microfarad capacitor was used in these tracings. A, recording on the table. No heel block was 
used. Note the notching of the deflections and the long period required for return to the base line which 
occurs. Note that the vibratory frequency is about 5.5 cycles per second. B, on concrete floor. Note 
the vibratory frequency of about 5.9 cycles per second. Return to the base line required about 1.0 
second. OC, recordin the sand. Note the more rapid return to the base line in 0.6 second. Note the 


increased vibratory frequency of about 9.1 cycles per second. 
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With the use of the mechanical sine wave generator, simultaneous recordings 
with the bellows air-conduction system (Fig. 9, A), the pure velocity coil-magnet 
(Fig. 9, B), and the coil-magnet with the 25 microfarad capacitor (Fig. 
9, C) show certain interesting relations. The pure velocity tracing leads the other 
tracings. Theoretically, true displacement is the integral of pure velocity and 
should follow it by 90 degrees. The sine wave produced with the bellows air- 
conduction system lags approximately 90 degrees behind the pure velocity trac- 
ing, which would indicate that the bellows yields an almost pure displacement 
The coil-magnet with the 25 microfarad capacitor lags pure velocity 


tracing. 
Thus this tracing is neither velocity nor displace- 


by approximately 45 degrees. 
ment but a mixture of both. 


Ballistocardiograms made simultaneously on a 25-year-old healthy man, with the subject 
made with coil-magnet with 25 microfarad capacitor. B, re- 
Notice the greater detail in the 


Fig. 8 
lying in the sand. A, record was 
corded with the bellows. C, recorded with a velocity pickup. 
tracing made with the bellows. Note the small notch which appears in the upstroke following the K. 
This is present in the bellows tracing but absent in the tracing made with the coil-magnet from the shins. 


N otice also the greater detail with which the diastolic waves are reproduced by the bellows. 


Simultaneous recordings with the bellows (Fig. 9, D), pure velocity pickup 
(Fig. 9, F), and the coil-magnet with 250 microfarad filter (Fig. 9, F) show some- 
what similar relationship. Even with this very large capacitance there is only 
about a 75 degree lag behind velocity. This approaches complete integration of 
the velocity sine wave. With the specific magnet coil and recording apparatus 
we have used, such a large capacitance would appear to integrate satisfactorily 


a velocity ballistocardiogram to a displacement ballistocardiogram. 
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Simultaneous tracings made with the bellows (Fig. 9, G) and the gelatin 
capsule (Fig. 9, H) show a flattening of the sine wave recorded with the gelatin 
capsule. This is evidence that the limits of linearity in the gelatin capsule may be 
exceeded, even within the physiologic limits of body motion. 


DISCUSSION 


Surfaces.—We have abandoned using the table or any other hard, rigid sur- 
face for the recording of the direct ballistocardiogram, for the following reasons: 


1. Many healthy young normal subjects showed grossly abnormal patterns 
on the table. These patterns become normal in putty or sand. The explanation 
of the abnormality of these patterns on the table is probably as follows: The 
vibratory frequency of the body is close enough to the frequency of the events of 
the cardiac cycle so that certain of the waves caused by circulatory events are 
augmented by body oscillations, resulting in a pattern which in some cases ap- 
proaches a sine wave. Any damping force applied, such as the pressure of a wood 
or metal stand against the head, will produce a more nearly normal pattern. How- 
ever, when the subject is lying in the putty or the sand, and damping is achieved 
uniformly over his body in a manner which is comparable from one individual to 
another, the vibratory oscillations are damped and the vibratory frequency of the 
body may be raised to make the natural vibrations asynchronous with the circula- 
tory events and thus prevent the oscillatory type pattern. 

2. Insome subjects there is a shortening of the J-K downstroke on the table 
when the arms are crossed. This is not true in sand or putty. We have inter- 
preted this to mean that on a hard surface the points of suspension of the body are 
changed when the subject crosses his arms. This produces a change in the ballis- 
tocardiographic pattern. In the sand or putty, since there is uniform contact, the 
points of suspension are changed little by changes in position, or by individual 
variations in body build. 

3. The cadaver studies would indicate that there is a quicker return to the 
base line after any motion is imparted to the body lying on sand or putty. This 
is probably a desirable feature, in that it prevents or helps prevent resonance 
being set up between circulatory events and the natural frequency of the body. 

4. Minor changes in footrest, headrest, mattress, etc., seem to cause rela- 
tively minor changes in the ballistocardiogram on the table, but even these minor 
changes might be of pathologic significance in abnormal subjects. In the sand or 
putty no headrest, footrest, or other support is needed. 

5. Another type of evidence, which is in favor of these suggested modifica- 
tions of surface and instruments, is the fact that there seems to be closer corre- 
spondence between physiologic events (recorded by the electrokymograph, heart 
sounds, carotid pulse, precordial tracings and jugular tracings), and the ballisto- 
cardiogram as recorded in the sand with our modified techniques. This will 
be discussed in more detail in a future publication. 
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We do not have evidence showing superiority of either the sand or the putty 
over one another. The sand is more practical and cheaper, but it is necessary to 
pack the sand around the subject each time. The putty is more comfortable and 
molds to the surface of the body better but tends to harden slightly with time and 
to vary in viscosity with changes in temperature. At present we are using the 
sand for most of our work, although we believe that records from the two surfaces 
are interchangeable. It is probable that some similar nonelastic damping surface 
which is superior to either will be developed. Sandbagging the patient on the 
floor or table does not seem feasible, as we have made unsatisfactory recordings 
by this method. Sandbagging the patient on a mattress has not yet been com- 
pletely evaluated. 


It is realized that changing from a hard flat surface to sand or similar sur- 
face may not be helpful if tracings are used purely for empirical analysis. We 
believe, however, that ballistocardiograms recorded from a nonelastic surface, 
which conforms to the contour of the body, have a closer relationship to physi- 
ologic events. Our own cadaver studies show that even with a damping surface, 
there are afterwaves which obviously play a role in the ballistocardiogram. If a 
great enough damping force is applied to completely damp out these after waves, 
significant physiologic waves may be, and probably are, lost. Therefore, it is 
realized that the sand is subject to certain artifacts which prevent it from being 
a perfect or even highly desirable surface. Also on many subjects it is, of course, 
possible to make quite satisfactory tracings on a rigid, flat surface. 


Transducer.—\t has not been the purpose of this paper to evaluate in detail 
the various types of transducers. However, in the course of our studies of sur- 
faces certain facts have come to our attention. The coil-magnet system with the 
25 microfarad capacitor across the leads was designed to give a displacement-like 
tracing from a velocity pickup. The effect of a large capacitor is to cause a voltage 
lag which may approach 90 degrees and approximate the time relations of the 
displacement curve. However, to yield a displacement curve from the velocity 
curve, a larger capacitor than 25 microfarad is necessary to produce complete 
integration, unless other modifications are made in the circuit (Fig. 9). 


We have used the Sanborn photoelectric cell, recording both from the shins 
and from the head. In some subjects there seems to be a considerable difference 
between the recording from the shins and the recording from the head, principally 
in the fact that the head recording shows a shorter J-K than most other tracings 
reported in the literature. This may be due in part to the recording surface used. 
However, our recordings from the shins showed a deeper J-K downstroke. It, 
therefore, seemed likely that this might be the result of the rebound of the instru- 
ment on the loose skin of the shins. Dock recognized several years ago that the 


Wk downstroke from the head is often shorter than that recorded from the shins. 


He postulated that this shortening might be caused by failure of the head to 
follow the footward thrust of the body at that time. He also noted that tracings 
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from the head were distorted by kyphosis. For this reason he abandoned record- 
ing from the head in favor of the shins.’ If sound biophysical principles of 
energy transfer from the body to the transducer are considered in the design of 
instruments, the shins may offer certain advantages over the head. These princi- 
ples have been studied in detail by Smith and Bryan.® 


SUMMARY AND CONCLUSIONS 


The effect of various surfaces on the direct ballistocardiogram has been 
studied. It was found that hard, flat surfaces for the recording of ballistocardio- 
grams are less desirable than a surface of a relatively nonelastic material which 
fits the contour of the body because of the following evidence: 

1. In certain healthy, young men, grossly abnormal patterns have been 
observed on the table and on the floor. These patterns become normal with the 
subject in sand or putty. 

2. Alterations of the position of the arms, with consequent alteration in the 
area of contact between the back and the table, may cause well-marked changes 
in the ballistocardiographic tracings. This change was not observed in sand or 
putty. We have interpreted this to mean that the points of suspension on a hard 
surface are important in determining the pattern of the ballistocardiogram, and 
that these points of suspension are not important on a surface which conforms to 
the contour of the body. 

3. Cadaver experiments have shown a quicker return of body oscillations 
to the base line, following a standard tap, with an increased vibratory frequency 
in some cadavers at least—in the sand and putty as compared to the table and 
floor. 

4. Minor changes in footrest, headrest, etc., caused changes in tracings 
made on the table. Since no headrest or footrest was required when using putty 
or sand, these changes do not occur. 

Neither sand nor putty is a perfect surface because after-vibrations do occur 
when a cadaver lying on these surfaces is set into motion. However, the duration 
and magnitude of these artifacts—after-vibrations—are decidedly less on these 
soft surfaces than on rigid surfaces. The extent to which the surface used may 
lead to practical errors in deciding whether or not a record is abnormal remains 
to be determined by future studies. In this study emphasis has been on a pro- 
cedure which will be more readily adaptable for correlation with physiologic 
events rather than on a practical clinical procedure. 

During the course of study of surfaces, we have made certain observations 
concerning the various types of transducers. The commercial coil-magnet system 
using a 25 microfarad capacitor records a mixture of velocity and displacement. 
If physiologic correlation is sought, this may not be desirable. Of the various 
types of recording apparatus we have used, a bellows with air-conduction system 
to a piezoelectric crystal has appeared to be quite satisfactory. The question of 
whether the shins or the head is the preferable site from which to record is un- 
settled. It is quite possible that the shins will in the course of experience prove 


to be superior. 
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The sine wave generator, the bellows pickup, and the velocity pickup were built by the Turkey 
Creek Manufacturing Company. Appreciation is expressed to Mr. C. F. von Herman, Jr., the 
owner, for his close cooperation with us. We are indebted also to Mr. Albert Thomas of Southern 
Research Institute for valuable technical advice. 

Appreciation is also expressed to Dr. William Dock for his thoughtful and helpful criticisms. 
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THE BALLISTOCARDIOGRAM IN PERIPHERAL VASCULAR 
DISEASE 


ARTHUR M. MAstTErR, M.D., Erratm Donoso, M.D.,* LEon Porpy, M.D., 
AND KENNETH CHEsSKY, M.D. 


NEw York, N. Y. 


ECAUSE of the recent revival of ballistocardiography as an aid in cardiac 

diagnosis, it is important to discover the abnormal factors in the cardio- 
vascular tree, which may produce abnormal patterns in the ballistocardiogram. 
We have, therefore, investigated the effect of peripheral vascular disease on the 
ballistocardiogram in patients who had no primary cardiac disease. Any altera- 
tions found in the tracings of such patients could reasonably be related to the 
peripheral vascular tree, rather than to the heart itself. 


METHOD 


The direct body type of apparatus, as described by Dock and Taubman! 
and modified by Pordy and associates,? was employed. In many instances, this 
dual apparatus? was used for recording both photoelectric (displacement) and 
electromagnetic (velocity) ballistocardiograms, simultaneously or successively. 
Tracings were taken during quiet respiration and on deep inspiration and ex- 
piration.® 

In the interpretation of the ballistocardiograms, only the qualitative appear- 
ance of the component waves was considered—their amplitude, slurring, notch- 
ing, or other abnormalities.*-'° 

We examined, consecutively, a group of sixty-five unselected patients from 
the Peripheral Vascular Disease Clinic. The diagnoses are presented in Table I. 


For the purpose of this report, the patients were divided into two groups: 


(1) those under 50 years of age—thirty-nine cases; (2) those 50 years of age and 
over—twenty-six Cases. 
I. Patients under 50 years of age-—The thirty-nine cases in this group were subdivided: 


1. Thirty-six patients with uncomplicated peripheral vascular disease 
a. Twenty-two with arteriosclerotic peripheral vascular disease 
b. Fourteen with thromboangiitis obliterans 
?. Three cases complicated by hypertension and/or coronary disease 
a. One patient with arteriosclerotic peripheral vascular disease and coronary occlusion 


b. Two patients with thromboangiitis obliterans; one with anginal syndrome and one 


with coronary occlusion. 


From the Cardiographic Laboratory, The Mount Sinai Hospital, New York. 
Received for publication March 23, 1953. 
*Fellow, John Simon Guggenheim Memorial Foundation. 
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Uncomplicated Arteriosclerotic P.V.D.* 2 
Uncomplicated T.A.O.t 
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TABLE I. DIAGNOSIS 


Uncomplicated Arteriosclerotic P.V.D.* 22 
Uncomplicated T.A.O.f 14 
Arteriosclerotic P.V.D. and Hypertension 20 
Arteriosclerotic P.V.D. and Coronary Occlusion 4 
T.A.O. and Hypertension 3 
T.A.O. and Coronary Occlusion 1 
T.A.O. and Anginal Syndrome 1 
Total 65 


*Peripheral vascular disease 
+Thromboangiitis obliterans 


RESULTS 


Uncomplicated arteriosclerotic peripheral vascular disease.—This group consisted of twenty- 
two patients, fourteen men and eight women, ranging in age from 35 to 49 years. All were 
asymptomatic from a cardiac standpoint and presented normal findings on physical exami- 
nation. The blood pressure, cardiac fluoroscopy, and 12-lead resting electrocardiogram 
were normal. Since the presence of the peripheral vascular disease precluded the perform- 
ance of the ‘““Two-step” exercise test, we were especially careful before we decided that 
the patients in this group had no heart disease. The negative cardiac histories and the 
repeated normal physical examinations, chest fluoroscopies, and electrocardiograms sup- 
ported our decision that all, or nearly all these patients, were free from cardiac disease. 


TABLE II. UNCOMPLICATED P.V.D. AND RESTING BALLISTOCARDIOGRAM 


(PATIENTS UNDER 50 YEARS) 


DIAGNOSIS | 
POTAL NORMAI ABNORMAL BORDERLINE 


18 
10 


bo 
ho 
NO 


Total 36 5 2§ 3 


*Peripheral vascular disease 
tThromboangiitis obliterans 


Ballistocardiogram: The resting ballistocardiographic tracings were abnormal in 
eighteen of the twenty-two subjects (Table II), normal in two subjects, and borderline in 
the two others. The abnormalities most frequently encountered were tiny I waves in 
seven cases, and a combination of very small or absent I waves and deep K waves in six 
cases. Absent I waves occurred in three cases, notching of the J-K waves in one case, 
and deep K waves alone in one case. In summary, of the twenty-two patients under 50 
years of age, with uncomplicated arteriosclerotic peripheral vascular disease, only two 
were found to have a completely normal ballistocardiogram at rest. Figure 1 is repre- 
sentative of this group. This is the ballistocardiogram of a 48-year-old man with arterio- 
sclerotic peripheral vascular disease but with no symptoms or signs of heart disease. The 
electrocardiogram was normal but the ballistocardiogram was abnormal. The photoelectric 
tracing shows absent I wave, deeply notched upstroke of J wave and deep K wave. The 
electromagnetic record displays a very bizarre pattern with undetermined H wave, tiny 
I and J waves, and prominent K wave. 
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1. b. Uncomplicated thromboangiitis obliterans.—This group comprised fourteen patients, twelve 
men and two women, ranging in age from 23 to 49 years. The diagnosis of thrombo- 
angiitis obliterans was substantiated at the Peripheral Vascular Disease Clinic. Physical 
examination, blood pressure, cardiac fluoroscopy, and 12-lead resting electrocardiogram 


were normal. 


ele tric 


Electromarre tic 


| 


| 


Fig. 1.—J.R., man, 48 years Arteriosclerotic peripheral vascular disease. No cardiac symptoms; 

B.P. 140/80 mm. Hg; electrocardiogram normal. Ballistocardiogram abnormal: photoelectric tracing 
shows absent I wave, deeply notched upstroke of J wave and deep K wave. The electromagnetic record 
displays a very bizarre pattern with undetermined H wave, tiny J and J waves, and prominent K wave 
Ballistocardiogram: The resting ballistocardiograms were abnormal in ten of the 

fourteen patients, and normal in three patients (Table II). In one case, the tracing was 
borderline. The abnormalities encountered were tiny I waves and deep K waves in two 
cases, notched I-J waves in one case, early ‘‘M”’ shaped patterns in two cases, tiny I waves 
in four cases, and absent I waves in one case. Figure 2 illustrates a normal ballistocardio- 
gram, both photoelectric (displacement) and electromagnetic (velocity) in a patient with 
uncomplicated thromboangiitis obliterans, and Fig. 3 is the abnormal ballistocardiogram 
of a 29-year-old white woman with thromboangiitis obliterans and normal cardiac findings. 


~ 


2. a. Complicated arteriosclerotic peripheral vascular disease (1 case).—Among the thirty-nine 
patients who were under 50, only one 46-year-old woman suffered from peripheral vascular 
disease and coronary occlusion. The electrocardiographic tracing showed previous anterior 
myocardial infarction. 
Ballistocardiogram (Table III): 


I waves were present. 


Che resting ballistocardiogram was abnormal; small 


CoMPLICATED P.V.D. AND RESTING BALLISTOCARDIOGRAM 


TABLE III. 


(PATIENTS UNDER 50 YEARS) 


DIAGNOSIS 


rOTAL NORMAI ABNORMAL | BORDERLINE 
Arteriosclerotic P.V.D.* and Coronary 
Occlusion 1 0 1 0 
Complicated T.A.O.t 2 0 2 0 
Total 3 0 3 0 


*Peripheral vascular disease 
tThromboangiitis obliterans 


| Lead I Lead I 
| 
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PHOTOELECTRIC 
BCG 


ELECTROMAGNETIC 
BCG 


Fig. 2.—-A.F., man, 31 years. Thromboangiitis obliterans, 2 years. No cardiac symptoms; B.P. 
120/80 mm. Hg; electrocardiogram normal. Ballistocardiogram normal. Note that in comparison 
with the amplitude of the J and K waves, the IJ wave is relatively smaller in the electromagnetic tracing 
record as compared with the photoelectric tracing. 


Lead I 


Photoelectric Electromarnetic 


K 


Fig. 3.—C.M., woman, 29 years. Thromboangiitis obliterans, 4 years No cardiac symptoms; 
B.P. 130/80 mm, Hg; electrocardiogram normal. Ballistocardiogram abnormal: photoelectric tracing 
shows tiny J and wide K wave. The electromagnetic record displays alternating tiny 7, and deeper K 
waves (note alternation in depth of the J waves in successive ballistocardiographic complexes). 


Lead I 
| | 
| 
2 | I | 
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2. b. Complicated thromboangiitis obliterans (2 cases).—In one case, the thromboangiitis obliterans 
was complicated by an anginal syndrome and, in the others, by a previous myocardial 
infarction. 

Ballistocardiogram (Yable I11): The resting ballistocardiographic tracings in both 
patients were abnormal. There were small I waves in one case and a bizarre tracing in 
the other. 

If. Patients over 50 years of age (26 cases).—These patients fell into three groups: 

1. Twenty cases of arteriosclerotic peripheral vascular disease and hypertension 


2. Three cases of arteriosclerotic peripheral vascular disease and coronary occlusion 


3 Chree cases of thromboangiitis obliterans and hypertension 
RESULTS 
1. Arterioscleroti peripheral vascular disease and hyperte nStOn, This group consisted of 


twenty patients, twelve men and eight women, ranging in age from 50 to 80 years. All had cardiac 
symptoms and presented abnormal findings on physical examination. The resting electrocardio- 
grams in fourteen of these twenty patients were abnormal. The abnormalities were hypertrophy 
of the left ventricle with involvement of the ventricular muscle in ten cases, enlargement of the 
left ventricle in two cases, myocardial disease, one case, and right bundle branch block, one case. 


Ballistocardiogram (Table IV): The resting ballistocardiographic tracings were abnormal in 
nineteen of these twenty subjects, and borderline in one. The abnormalities encountered most 
frequently were small to absent I waves (11 cases), and a combination of very small or absent I 
waves and deep K waves (3 cases).* In summary, among twenty patients with arteriosclerotic 
peripheral vascular disease and hypertension, none was found to have a completely normal ballisto- 


cardiogram at rest. 


IV. Compricatep P.V.D. AND RESTING BALLISTOCARDIOGRAM 


(PATIENTS OVER 50 YEARS 


DIAGNOSIS 
rOTAI NORMAI ABNORMAI BORDERLINI 


\rteriosclerotic P.V.D.* and 
Hypertension 20 0 19 1 
\rteriosclerotic P.V.D.* and Coronary 


Occlusion 3 0 3 0 
Complicated T.A.O.+ 3 0 3 0 
lotal 26 0 25 


*Peripheral vascular disease 
Thromboangiitis obliterans 
2. Arteriosclerotic peripheral vascular disease and coronary occlusion.—This group comprised 
three patients, all men, ranging in age from 70 to 74 years. The electrocardiograms showed pre- 
vious anterior myocardial infarction in two cases and previous posterior myocardial infarction 
in one case. 

Ballistocardiogram (Table IV): The resting ballistocardiographic tracings were all abnormal. 
There were small I waves (2 cases) and small I waves with deep K waves in the remaining case. 

*Bizarre tracings occurred in two cases, and tiny I waves with notching of the J-K waves in three 


cases, 


MASTER ET AL.: BCG IN PERIPHERAL VASCULAR DISEASE 185 


DISCUSSION 


In order to determine the effect which peripheral vascular disease has upon 
the ballistocardiogram, sixty-five patients were studied. Of these, thirty-six 
had uncomplicated arteriosclerotic peripheral vascular disease or uncomplicated 
thromboangiitis obliterans. Among the thirty-six, who were under 50 years of 
age, twenty-eight had abnormal ballistocardiographic tracings. In three, the 
tracing was borderline. This is at variance with the findings in a normal control 
group,® in which the resting ballistocardiogram was abnormal in less than 7 per 
cent of the subjects below the age of fifty. Thus, it appears that peripheral 
vascular disease per se may produce an abnormal ballistocardiogram in the ab- 
sence of cardiac disease. 

In the second group of twenty-nine patients with peripheral vascular disease 
complicated by cardiac involvement, all the ballistocardiograms were abnormal 
regardless of the age of the patients. In this group, one cannot ascertain the part 
played by the peripheral vascular disease in the production of the ballistic 
abnormalities. 

Unfortunately, the patients with peripheral vascular disease, who had no 
apparent cardiac involvement, could not be studied with the Master ‘‘Two-step”’ 
test, because of their inability to perform exercise. 

The ballistocardiograms were recorded by means of the Pordy dual ballisto- 
cardiograph* for standard recording of both photoelectric and electromagnetic 
tracings. The recording of standardized ballistocardiographic tracings using this 
apparatus is important, so that repeated records will be comparable. 

The ballistocardiographic abnormalities found were nonspecific for arterio- 
sclerotic peripheral vascular disease or thromboangiitis obliterans. This confirms 
the opinion of almost all the workers concerning the interpretation of abnormal 


ballistocardiographic records. 


SUMMARY AND CONCLUSION 


1. The ballistocardiographic findings in sixty-five cases with peripheral 
vascular disease are presented. This g.oup included thirty-six cases with uncom- 
plicated arteriosclerotic peripheral vascular disease and uncomplicated thrombo- 
anglitis obliterans. The ballistocardiograms were recorded by means of the 
Pordy dual displacement and velocity apparatus, a modified Dock-type in- 


strument. 


2. Of twenty-two patients under 50 years of age, with uncomplicated 
arteriosclerotic peripheral vascular disease, eighteen presented abnormal ballisto- 
cardiograms at rest. In two cases, the tracing was borderline. 

3. Of fourteen patients under 50 years of age, with uncomplicated thrombo- 
angiitis obliterans, ten had abnormal resting ballistocardiograms. In one case, 
the tracing was borderline. 


*Manufactured by the Mendelsohn Research Laboratories, Bloomfield, New Jersey. 
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4. In all cases of peripheral vascular disease, complicated by cardiac in- 
volvement, the resting ballistocardiograms were abnormal. 

5. Abnormal ballistocardiographic patterns are not specific for any one par- 
ticular peripheral vascular disease entity. 

6. The majority of patients under fifty years of age with uncomplicated 
peripheral vascular disease have an abnormal ballistocardiogram. 


We feel grateful to Doctor Lester Blum, in charge of the Peripheral Vascular Clinic, The 
Mount Sinai Hospital, New York, for placing the patients of the clinic at our disposa! and for his 


complete cooperation. Iris Kanner lent us technical assistance for which we thank her. 
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THE EFFECTS OF OXYGEN BREATHING ON THE PULMONARY 
CIRCULATION IN MITRAL STENOSIS 


M. McGrecor, M.D. (RAND), M.R.C.P. (Lonpb.), T. H. BotHwe.t, M.B., 
B.Cu. (RAND), M.R.C.P. (Lonb.), M. M. Zion, M.B., B.Cu. 
(RAND), AND B. A. BRADLOw, M.D. (RAND) 


JOHANNESBURG, SOUTH AFRICA 


NTIL recently studies on the circulatory dynamics of the pulmonary circuit 

have been confined to experimental animals and to normal human subjects. 
In 1947, a review of the results of such studies led Cournand! to the conclusion 
that ‘‘demonstration of vaso-motor effects in the pulmonary circulation of man is 
still wanting.’’ Since then, however, investigation of cases of mitral stenosis has 
demonstrated that a sharp rise in pulmonary vascular resistance takes place in 
this condition as the pulmonary capillary pressure rises,” and that this rise is at 
least partially reversible following mitral valvotomy.* The mechanism of this 
rise has not yet been elucidated. While Lewis and his co-workers’ regarded the 
phenomenon teleologically as a means of protecting the pulmonary capillary bed 
from unduly high pressures Westcott and his colleagues‘ have suggested that it is 
the result of anoxia secondary to pulmonary congestion and edema. The latter 
suggestion is supported by the demonstration that anoxia causes a rise in pul- 
monary artery pressure both in anaesthetized cats®* and in unanaesthetized 
normal human subjects.*:7:5 

The following investigation was performed in order to study the effects of the 
breathing of high concentrations of oxygen on the pulmonary hypertension found 
in mitral stenosis. 


MATERIAL 


Thirteen subjects with mitral valve disease were selected for study. Clinical, 
radiographic, electrocardiographic, phonocardiographic, and surgical data are 
summarized in Table | from which it will be seen that mitral stenosis was con- 
sidered to be the principal lesion in Patients 1-12, while mitral regurgitation was 
considered predominant in Patient 13. 


METHODS 


On the day preceding the study the patient was made familiar with the tech- 
niques of collecting expired air. After a light breakfast the patient was placed in 
a recumbent or semirecumbent position on the roentgenographic table and a 
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cardiac catheter was passed under radiographic control as far as possible into the 
pulmonary artery. Light sedation (Nembutal) was occasionally employed in 
excitable subjects. ‘‘Pulmonary capillary pressures’’® were then recorded* and 
the catheter tip withdrawn to the main pulmonary trunk. Pressures were then 
recorded at approximately 5 minute intervals until a base line had become estab- 
lished. At this time mixed venous and femoral arterial samples were withdrawn. 
In seven patients (Nos. 6 to 13) a three-minute sample of expired air was collected 
at the same time for estimation of oxygen consumption. When this procedure 
produced a rise in pulmonary artery pressure, arterial and mixed venous samples 
were again withdrawn after the pressure had returned to the base line. One 
hundred per cent oxygen was then breathed and pulmonary arterial pressures were 
recorded at approximately minute intervals until a new base line was established. 
Blood samples were withdrawn again and in Patients 3, 6, 7, 12, 13 the oxygen 
uptake was determined by breathing from an oxygen filled spirometer. The face 
piece then was removed but observations were continued in Patients 9 to 12 for 
a further period ranging from 9 to 18 minutes (see Table II). 


An identical rate of oxygen consumption, whether air or pure oxygen is 
breathed, has been demonstrated by Donald and Christie,!° and in our studies 
in which this estimation was made both before and during oxygen administration 
there was close agreement. When both estimations were made the uptake during 
air breathing was used for calculating the cardiac output. In three patients 
(Nos. 1, 4, 5), because of technical difficulties, oxygen consumption was not 
measured. In these the cardiac output calculations are based on the arbitrary 
figure for oxygen uptake of 200 ml./minute and cannot be looked on as absolute 
although the trends demonstrated are valid. 


From the results recorded cardiac output and total pulmonary resistance? 


were calculated. 
RESULTS 


The results of all experiments are shown in Table II and as an illustration the 
results from Patient 11 have been represented graphically (Fig. 1). 


In nine patients there was some initial anoxia present as shown by an ar- 
terial oxygen saturation below 91 per cent, the lower limitt of normal." The 
initial ‘‘pulmonary capillary’? mean pressure was raised in all patients (10 to 37 
mm. Hg). The mean pulmonary artery pressure immediately before oxygen 
administration was also raised in every patient (16/78 mm. Hg) and fell after 
oxygen administration in each instance. The total pulmonary resistance also fell 
significantly in ten of the thirteen experiments. When oxygen was stopped the 
pulmonary artery pressure again rose in all patients although the preoxygen level 
was not reached during the period of observation (see Fig. 1). 


*Sanborn electromanometer. Reference point 5 cm. posterior to the sternal angle. 


TAltitude 5,750 feet above sea level. 
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TABLE II]. CATHETERIZATION DaTA IN THIRTEEN CASES OF MITRAL DISEASE 
INITIAL P.Am. T.PU.R. 
CASE INITIAL ART. Us PERIOD TIME C.0. P.Am. T.PU.R. CHANGE CHANGE 
P.Cm. (%) (MINS.) (%) (%) 
l 37 84.8 A - | 2.95 78 2120 
B 5 2.64 70 2120 —10 0 
2 30 79.4 A - 1 1.96 78 3180 
B 6 1.92 65 2705 —16 —15 
3 5 91.0 — 3 3.52 42 955 
B 6 3.31 30 726 -—29 —24 
4 20) 99 A — | 3.88 30 620 
B 6 3.62 20) 444 - 33 28 
5 12 R86 A - 2 3.78 18 380 
B 5 3.38 16 378 10 0 
6 85.6 — 3 2 80 26 744 
B 7 3.73 20 429 — 23 —42 
7 93.3 A —- 2 2.57 20 623 
B 12 2.78 18 518 —10 —17 
8 25 89 A — 4 2.28 50 1752 
B 14 2.00 35 1400 - 30 —21 
90.4 A 4.74 68 1148 
B 5 5.30 40 604 — 4] — 47 
16 5.65 60 850 
10 10 A — | 5.40 17 253 
3 5 4.97 1] 176 — 35 — 30 
Cc 6 5 38 17 257 
ll 94.2 2.48 62 2040 
B 4 2.99 4() 1071 - 36 — 48 
( 16 2.51 50 1600 
12 30 88.3 A - 5 3.57 27 605 
B 5 3.39 25 590 — 7 — 3 
; 18 3.86 30 621 
13 10 89.9 A -10 1.92 20) 835 
B 10 2.00 11 440) —45 -42 
Period A = Observations recorded immediately before initiation of oxygen breathing (exact time 
being indicated in next column). 
Period B = Observations recorded after a varying period of oxygen breathing. (Number of min- 
utes after initiation of oxygen breathing indicated in next column.) 
Period C = Observations recorded after discontinuation of oxygen breathing. (Time since dis- 
continuation of oxygen indicated in next column.) 
P.Am, = Mean pulmonary artery pressure (mm. Mercury). 
P.Cm. = Mean pulmonary capillary pressure (mm. Mercury). 
C.O. = Cardiac output (Liters per minute). 
T.Pu.R. = Total Pulmonary resistance (dynes sec. cms, ~). 
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It can be seen in Fig. 2 that there is some correlation between the initial mean 
pulmonary artery pressure and the fall in total pulmonary resistance, although 
the series is too small to provide conclusive statistical evidence of this (r = 0.46, 
S.E. = 0.29). There appears, however, to be a complete lack of correlation be- 
tween the initial arterial oxygen saturation and the fall in total pulmonary re- 
sistance, (r = 0.093, S.E. = 0.29), (Fig. 3). 


80 
0; 
TERY PRESSURE | | |‘... 
0 
: 
i900 


OTAL 
PU RE TANCE 


3 
2.5 CARDIAC = 
-35 -30-25 -20-I5 -O -5 5 WO I5 +5 +10 +20 
time in minutes 

Fig. 1.—Illustrating the changes in mean pulmonary artery pressure, cardiac output, and total 
pulmonary resistance in Patient 11. 


DISCUSSION 


It has been demonstrated previously that breathing pure oxygen for short 
periods produces a fall in the pulmonary artery pressure in cases of mitral steno- 
sis.!5 Studies designed to show whether this is the result of a fall in cardiac out- 
put or a reduction in pulmonary vascular resistance have not yet been reported. 
A reduction in the arterial oxygen saturation in mitral stenosis has also been 
demonstrated though it is uncertain whether this is the result of diffusion impair- 
ment or venous admixture." 
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These facts coupled with the fall in total pulmonary resistance observed in 
ten of our thirteen patients while breathing oxygen lend some support to the 
supposition of Westcott and his co-workers,‘ that the high vascular resistance in 
cases of mitral stenosis is initiated by a degree of anoxia following on capillary 
congestion and early edema formation. The absence of correlation between the 
initial arterial oxygen saturation and the fall in resistance observed does not 
necessarily invalidate such a conclusion. Westcott and associates* have demon- 
strated a complete absence of correlation between the fall in oxygen saturation 
and the rise in pulmonary resistance in a group of normal subjects where the pul- 
monary resistance had been artificially elevated by means of breathing 13 per cent 
oxygen in nitrogen. In addition in some chronic cases of mitral stenosis marked 
pathologic changes take place in the pulmonary vasculature®'® which must give 
rise tO a varying increase in resistance not immediately reversible. This pre- 
sumably accounts for the pulmonary hypertension which has been shown to per- 
sist for months following successful valvotomy' (Unpublished data). Only in 
the mildest cases reported here did the pulmonary artery pressure fall to normal 
limits as a result of oxygen administration, and it is possible that the amount, by 
which the peripheral resistance remains above normal after anoxia has been 
abolished by oxygen breathing, will be an index of the extent to which irreversible 
pathologic arterial changes have taken place. 

Although it seems possible that anoxia may be a factor initiating increased 
pulmonary resistance in these cases, it is not the only one, as injection of the auto- 
nomic blocking agent Tetraethylammonium Chloride has been shown to lower 
pulmonary vascular resistance in man when this is pathologically raised.'* In 
addition, Condorelli,!® has demonstrated that pulmonary vascular resistance may 
be elevated by administration of pharmacological doses of noradrenaline. It 
would seem, therefore, that the autonomic nervous system may play some part in 
the elevation of pulmonary resistance in some cases. 


SUMMARY AND CONCLUSIONS 


1. Administration of pure oxygen to thirteen subjects with raised pul- 
monary artery pressure and raised pulmonary resistance produced a fall in pul- 
monary pressure in all instances. In ten there was an additional significant fall in 
total pulmonary resistance. 

2. There was some correlation between the initial pulmonary pressure and 
the degree of fall in vascular resistance. 

3. There was no correlation between initial arterial anoxia and the fall in 
pulmonary resistance following oxygen. In spite of this it is felt that local anoxia 
caused by pulmonary congestion and edema may at least play some part in the 
development of pulmonary hypertension in mitral stenosis. 


Che authors wish to express their gratitude to Dr. J. H. Gear for advice in the preparation 
of this paper, to Dr. J. Kaye and Dr. J. Meyer and Mr. J. J. O’Connor of the Department of 
Radiology for the great assistance they have given during these investigations, to Mr. A. M. 
Shevitz and Miss M. Hills for the photographic reproductions and typing, respectively, and finally 
to Professor G. A. Elliott, in whose department this work was carried out, for encouragement 


and help in the preparation of this paper. 
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A REFERENCE POTENTIAL FOR UNIPOLAR ELECTROCARDIO- 
GRAPHIC MEASUREMENTS ON MODELS 


ERNEST FRANK, PH.D., AND CALVIN F. Kay, M.D. 


PHILADELPHIA, PA. 


LECTROCARDIOGRAPHIC theory and practice have progressively uti- 

lized field analysis techniques. At the least, a useful mathematical basis 
for the integration of electrocardiographic data upon a semiempirical basis has 
been provided. Ideally, the theoretical concepts applied could provide a key to 
the reduction of the element of empiricism in electrocardiographic interpretation. 
For this latter purpose, it is necessary to make certain assumptions regarding the 
electrical representation of the heart, the shape of the human torso, and the 
conducting properties of the body tissues. Quantitative estimates of the magni- 
tude of the errors involved in these assumptions have not been established; hence, 
the accuracy of the conclusions drawn from the application of field analysis to 
electrocardiography, other than on a semiempirical basis, remains uncertain. 
In this laboratory, quantitative investigations of the accuracy of the application 
of dipole heart-field theory to electrocardiographic interpretation are being con- 
ducted using torso-shaped models. 

It is essential in these studies to establish a fixed reference potential that is 
independent of the field distribution within and on the torso. With such a 
reference potential it becomes possible to obtain quantitative results which are 
pertinent to the evaluation of the accuracy and validity of many of the currently 
applied theories of electrocardiography. For example, model studies employing 
a suitable reference potential system may be used to estimate the departure of 
the Wilson central terminal from the true zero reference, to study the errors 
inherent in heart-vector projection, and to evaluate the various spatial reference 
systems used in current three-dimensional vectorcardiography. 

A part of the investigations involves the use of torso-shaped models filled 
with a homogeneous conducting fluid. When a finite dipole* is immersed in a 
model of this kind, the potential distribution over the torso boundary is similar 
to that produced on the human subject by electrical activity of the heart at a 
given instant of time. 
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*A finite dipole is defined as a current source and sink separated by a finite distance d. A finite 
dipole differs from a mathematical dipole, since the latter source-sink pair has infinitesimal separation 
w ith a finite product of source-sink strength times separation. 
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Equipotential maps (or contours) on the insulating torso boundary can be 
determined under a given set of conditions by making potential difference meas- 
urements from a fixed boundary point to various other points on the boundary. 
Such “‘bipolar’’ measurements can be performed for various torso shapes, various 
dipole positions and orientations, various conducting media, and under other 
conditions. However, with the sole use of bipolar measurements it is not possible 
to obtain a direct comparison between equipotentials measured under two dif- 
ferent sets of conditions, although the general behavior of the equipotential 
contours may be studied. 

An illustration of this limitation of bipolar measurements is shown in Fig. 1 
where a hypothetical example of equipotentials is given for the same torso with 
two different positions of the immersed dipole. In both of the cases shown the 


Va 


CASE a CASE Db 


Fig. 1.—Illustrative equipotentials spaced 1 mv. apart on an insulating torso filled with homo- 
geneous conducting fluid for two different positions of an immersed dipole. (See text for details.) 


equipotentials are spaced 1 mv. apart, but the potential of a given line in case 
a is not known relative to any of the lines of case b. For example, it might be 
that equipotential V, + 4 is at the same potential relative to the dipole as is equi- 
potential V;, + 3, but this cannot be known without a relationship between V, and 
V» which is not provided by the bipolar data. Yet, the ability to identify the 
shift of specific equipotentials owing to various changes of the physical system 
is important in investigating the accuracy of many applications of electrocardio- 
graphic theory. 


THE REFERENCE POTENTIAL 


A reference potential V, fixed with respect to the current source and inde- 
pendent of the characteristics of the current field would provide the necessary 
key to the direct comparison of equipotentials. Both V,— V, and V,— V;r 
could be measured and then V, — V, could be computed. 
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It is desirable to establish V, as the potential at the electrical mid-point 
between the two current electrodes, the reference potential commonly used in 
electrocardiographic theory. The value assigned to this V; is conventionally 
zero. One might expect that such a V, could be found at the junction point of 
equal resistors connected between V,; and V2 of Fig. 2, exactly dividing the 
applied voltage V. Experimentally, this V, derived from V/2 is completely un- 
satisfactory because of electrode polarization! which manifests itself as a dis- 
continuity in potential between electrode and liquid. 


Vi 


|__INSULATING 
SHEATH 
CONDUCTING 
FLUID 
vVi- V3 

+ | + 2 
Fig. 2.—Two electrodes immersed in a conducting fluid. 


A precise definition of the electrical mid-point V, between two electrodes 
immersed in a conducting fluid may be made in terms of the following quantities: 


V, = the potential of electrode 1. 
V2= the potential of electrode 2. 


V, = the potential on the liquid side of electrode 1. 


_V. = the potential on the liquid side of electrode 2. 

AV»: = V:1— V, =the potential difference across electrode 1 interface resulting from 
polarization. 

AV»p2 = Ve — V.= the potential difference across electrode 2 interface resulting from 
polarization. 


The potential difference \, — V, which is, so to speak, the potential differ- 
ence “‘seen’”’ by the liquid is effective in producing current in the medium. Conse- 
quently, the electrical mid-point between the two electrodes which is the reference 
potential desired is 


+ V3). (1) 


V2 
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In terms of the potentials applied to the electrodes 
Ve= % (Vi + Va) —% + (2) 


It can be seen from Equation (2) that if AV,; = — AVj,s, an unattainable ideal, 
then V, could be derived from V; + V2. However, the potential discontinuities 
at the electrode interfaces differ so much that neglecting AV,; and AV, in Equa- 
tion (2) results in errors in V, which are approximately two orders of magnitude 
greater than the tolerable amount in typical cases. 

The reference potential defined by these equations coincides with that which 
is defined theoretically by the Wilson central terminal.? It is the usual zero 
reference used in electrocardiography. The definition and use of the reference 
potential of Equation (1), therefore, enable a direct comparison of experimental 
results with theoretical predictions, as well as permitting different sets of relative 
data of the kind cited in Fig. 1 to be tied together closely. 

A suitable procedure for determining the reference potential V, experi- 
mentally is to accurately align the finite dipole along the axis of a symmetrical 
insulating container, such as midway between the ends of a vertical insulating 
cylinder filled with a homogeneous conducting fluid. The alignment may be 
accomplished by optical sighting which is made possible by the use of a trans- 
parent cylinder wall. From symmetry it is known that V, is the equipotential 
which lies in the plane perpendicular to the dipole axis and passing through the 
geometric center between the two electrodes. The accuracy of the dipole align- 
ment and the accuracy of the equipotential circle V,, scored on the cylinder wall, 
are important factors in determining the over-all error in the reference potential. 
Reproducibility tests can be used to evaluate a portion of this error. 

With V, established in this way, the potential of a junction point between 
two resistors connected across the electrode lead-in wires can be adjusted to be 
equal to V,, using a null detector connected between this junction point and the 
known location of V, on the cylinder boundary. (In practice, a very delicately 
balanced bridge, including capacitance balance, is required and is discussed later.) 
When the dipole is later immersed in an unsymmetrical system, the boundary 
voltages of that system can be measured with respect to the resistor junction 
which remains at the potential V,.. Such measurements are called “‘unipolar.”’ 


ACCURACY REQUIREMENTS 

The accuracy with which the reference potential can be determined experi- 
mentally and its constancy over a period of time impose a limit on its practical 
use. For example, suppose that in correlating the data of Fig. 1,V,.— Vis calcu- 
lated tobe —1mv. + !gmv., where + 14 mv. is the error due to the uncertainty 
of V, which includes both instrument and fluctuation errors. Then V, = V» — 1, 
nominally, and equipotential V,+ 6 corresponds to equipotential V, + 5. 
However, the uncertainty of the correlation is + !5 mv., so the equipotential 
corresponding to V, + 6 could lie anywhere in the shaded region of Fig. 1, the 
range V, = 4.5 to V, = 5.5. As another illustration, it can readily be seen that 
measurements of the departures of the Wilson central terminal potential from the 
true zero reference, V,, are directly dependent upon the accuracy with which 
V, itself is known. 
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The required accuracy of V, can be discussed with reference to Fig. 3 where 
a finite dipole is shown immersed in an inverted torso model. The potential 
difference V is applied to the finite dipole and the current J distributes itself 
throughout the conducting medium as suggested by the dashed lines. The solid 
lines on the torso boundary represent equipotentials where \V, is identified as well 
as Vm, the maximum potential observed on the boundary relative to V;. 


4 OSCILLATOR 


(DETERMINED BY 


INSULATING ROD PREVIOUS CALIBRATION) 


DIPOLE 


Fig. 3.—Current lines and equipotentials produced by a dipole immersed in a torso filled with 
conducting fluid. The torso is inverted for convenience in observing and adjusting the finite dipole 
position and orientation. Contact with the conducting medium, such as point 3, is made at the boun- 
dary by watertight electrodes (not shown) affixed to the insulated torso. 


By the use of platinum current electrodes coated with platinum black’ the finite 
dipole resistance is given, approximately, by R = k; p where k; is a constant and 
p is the resistivity of the medium. Also, the dipole current is approximately 
I V/R. In general, the boundary potential Vg = Va — V, with V,;=0 can 
be expressed as Vz = p f(r, 0, where f(r, 6, ¢) is some function of the 
position point r, 8, ¢ on the boundary (r, 6 and @ are standard polar spherical 
coordinates). Hence, V m= kel p where ke is a constant representing f at the 
points where V,, occurs. Combining the relations for V », I, and R 


Van = kelp —-=KV , K=— .. (3) 
R kip ky 
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al 
BOUNDARY 


200 AMERICAN HEART JOURNAL 


This interesting result shows that V, is some constant K times the applied 
voltage V, independent of the resistivity of the medium to a good first approxi- 
mation, if the polarization effects are small. For a typical finite dipole which is 
limited in spacing d in order to achieve essentially mathematical dipole behavior 
as seen from the torso boundary and which is limited in electrode area so as to 
be insertible into cadavers, a representative empirical value of K is approxi- 
mately 0.005.4. Thus, Vm = 0.005V. 


Suppose it is desired to determine equipotentials on the torso at intervals of 
0.1V m; this will give a total of approximately twenty equipotential lines which 
define the contour behavior quite well. Further, a permissible inaccuracy of 
+10 per cent under worse conditions may be stipulated. This establishes the 
permissible tolerance on V,; namely, + 0.01V .m, for with an uncertainty of this 
amount the equipotential 0.1V,, will be determined to 0.1V, + 0.01Vm. This is 
the least favorable equipotential; V .» itself will be known to within +1 per cent. 


Since V ,, = 0.005V, the accuracy with which V, must be determined relative 
to V is established; namely, to within +0.005 per cent of V. In terms of setting 
\V, at the junction of the resistors R,; and Re shown in Fig. 3, this means that 
the setting must be determined to one part in 20,000! An inquiry into the physical 
reason for the need of such a precise determination of V, discloses that the current 
density in the medium diminishes very markedly with distance from the dipole. 
Therefore, most of the potential drop takes place in the immediate vicinity of the 
dipole. If equal-increment equipotentials which span the potential-difference 
range V are considered, it can be seen that only 1 per cent of these will occur on 
the boundary, the remaining 99 per cent exist inside the torso, becoming more 
densely packed near the dipole. Therefore, if V, is to be determined to within 
+1 per cent of the maximum boundary potential the reasons for such stringent 


requirements become evident. 


In typical field mapping arrangements often encountered in electrical engi- 
neering, the equipotentials of interest encompass the entire applied voltage range 
V rather than only 1 per cent of V as in this case. Hence, the same accuracy in 
the determination of equipotentials can be achieved in many cases with only 
1/100 of the precision in the setting of the resistor junction. Furthermore, in 
such typical field mapping problems, large area electrodes and special conducting 
solutions (such as copper and copper sulphate)* can usually be employed to render 
negligible the influence of electrode polarization. But in the finite dipole system 
the electrode area is severely limited, as stated previously, and, moreover, it is 
desirable to devise a system capable of being used with physiologic conducting 
media. As a consequence, electrode polarization effects cannot be entirely cir- 
cumvented and result in an impairment of accuracy (manifested as an instability 
in V, owing to fluctuations in polarization effects) amounting to an estimated 
factor of at least 10, mainly on the basis of electrode area. Thus, the over-all 
accuracy required in the torso system is in the vicinity of 1,000 times that needed 
in conventional field mapping and poses an unusually severe measurement 


problem. 
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EQUIVALENT BRIDGES 


An exceedingly helpful viewpoint giving additional insight into the kind of 
measurement techniques that can be employed is provided in terms of equivalent 
bridge circuits. The electrical effects in the system of Fig. 3 can be understood 
in terms of an equivalent bridge circuit, evolved by replacing the conducting 
fluid by equivalent electrical elements as shown in Fig. 4. In this figure the 
conducting medium is replaced by equivalent lumped circuit elements as follows: 


C,; and R,; represent the polarization impedance at the interface of electrode 1. 

C,2 and Rpz represent the polarization impedance at the interface of electrode 2. 

R, represents the solution resistance through which substantially all of the current flows. 

R, represents the equivalent resistance between the probe (3) and the liquid side of 
electrode 1. 

Ry represents the equivalent resistance between the probe (3) and the liquid side of 
electrode 2. 


OSCILLATOR 


CONDUCTING 
MEDIUM 
EQUIVALENT 


Fig. 4 Equivalent bridge circuit for the finite dipole system of Fig. 3. 


The detector has a high impedance in comparison with the bridge arms; 
as a consequence, the detector draws negligible current and the polarization 
impedance of the probe is negligible. Resistors R, and Ry are much larger than 
the equivalent solution resistance R, since the probe is small and intercepts very 
few current lines. 
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A simplification of the bridge circuit results when the delta-connected 
resistors R,, R, and Ry, are replaced by an equivalent wye,* as indicated in Fig. 5, 
using the excellent approximations R,>> R, and R,>> Rs. The resistance 

R, Ry, 
Ry 


can be atso bed into D. Tl.2¢ mplified bridge circuit is shown in Fig. 6. 


— appears in series with D, which has a high impedance already and 


Rs Ra 
Ro Rat+Rp 
Rs 3 3 
Ra Rp 
Rp Rs Rp RatRp 
Ra+Rp 
Ra>>Rs 
Rp>> Rs 


Fig. 5.— Delta-wye transformation of the three resistors representing the medium in order to 
simplify the pridge circuit of Fig. 4. 


> 


Fig. 6.—The bridge circuit of Fig. 4 with the resistance delta replaced by its equivalent wye. Rs 


and R), are assumed to be much larger than Rg. 

Since the required bridge null is 1/20,000 times V and the polarization im- 
pedances are unequal and not negligible, it is essential to incorporate capacitors 
(not shown) across the resistors R; and R¢z in order to balance the capacitive 
polarization effects as well as to compensate for stray circuit capacitance which 
is unavoidable and appreciable when striving for a 20,000:1 bridge null (see Fig. 
10). The bridge balance is extremely delicate and suffers from the presence of 
the polarization impedances which are in the bridge arms. The inconstancy of 
these impedances, which carry the full dipole current, is a source of considerable 
difficulty in making such a reference potential system practical. 
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Bipolar measurements have been regarded ordinarily as simply potential 
difference measurements. However, replacing the conducting medium by equiva- 
lent electrical elements discloses that bipolar measurements are essentially bridge 
measurements in the same sense as the system just considered. Figure 7 illus- 
trates an inverted torso with an immersed finite dipole and a voltmeter D con- 
nected for bipolar measurements. The equivalent bridge circuit which accom- 
panies the actual system discloses the bridge nature of these measurements. 
Moreover, it can be seen that the polarization impedances of the dipole do not 
enter into the bridge arms; consequently, it might be expected that the bridge 
balance, or a given unbalance reading, would tend to be more stable than the 
reference voltage measurements because the fluctuations of the polarization 
impedances have a negligible effect on the voltmeter reading. This is observed 
in practice. In addition, it is interesting to see that the bridge circuit is totally 
within the conducting fluid. 


CONDUCTING MEDIUM 


VSINSULATING ROD ___ EQUIVALENT 


1| Cpr Rp, 


| 
| 


DIPOLE 


CONDUCTING 
MEDIUM 


Fig. 7.—Bipolar measurements, illustrated on the left, are shown to be essentially bridge measure- 
ments in which the bridge arms do not contain the polarization impedances of the finite dipole. Ra, Rp, 
Re, and Ry represent equivalent resistances from the liquid-side of the electrodes to the voltmeter D 
terminals. 

Equivalent bridges provide a powerful tool for the analysis of experimentally 
observed effects. It can be seen, in terms of the bridge viewpoint, that the dipole 
system (in which only 1 per cent of the voltage applied to the dipole appears on 
the torso boundary) represents a bridge that is within approximately +19 per 
cent of balance for all measurements on the torso boundary, whether they be 
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unipolar or bipolar. This discloses and emphasizes the need for an exceptionally 
good bridge null to begin with if intelligible potential data are to be obtained on 
the boundary. The bridge viewpoint also explains why it is not possible to find 
two points on the torso boundary whose potential difference is less than a certain 
minimum without the addition of capacitance tuning. Moreover, in considering 
various systems for boundary-potential measurements it reveals which contain 
the dipole polarization impedances in the bridge arms and thereby enables a pre- 
diction of the general fluctuation behavior of the bridge null voltage, as well as 
indicating whether it is feasible to use large or small dipole currents. 


While these observations and others make the equivalent bridge viewpoint 
worth while, it is important to remember that the system is basically a volume 
conductor involving spatial distributions of current and voltage in which the 
effects cannot always be viewed profitably from a lumped circuit point of view. 


CENTER-ELECTRODE REFERENCE SYSTEM 


It has been shown how the reference potential V, can be established at the 
junction of two resistors, using a system which has the disadvantage of con- 
taining the electrode polarization impedances in the arms of the equivalent bridge. 
A reference-voltage system in which the polarization impedances do not appear 
in the arms of the equivalent bridge can be devised by introducing a third elec- 
trode C mounted rigidly between the two electrodes 1 and 2 of the finite dipole. 
The prime advantages of eliminating the polarization impedances from the bridge 
arms are that smaller finite dipoles, or larger dipole currents, or lower frequen- 
cies, can be used for a prescribed amount of fluctuation of the bridge balance. 
Moreover, the bridge can be balanced to better than 20,000:1 without the need 
of capacitance tuning, since the bridge is very nearly purely resistive. The 
physical construction of the third electrode can take several forms, such as a 
circular loop or a short straight wire as indicated in Fig. 8a. The reference elec- 
trode can be located at the potential V, of Equation (1) by using a symmetrical, 
known-geometry system as mentioned previously. However, the center-electrode 
reference system is not satisfactory because of intolerable shifts of V, owing to 
the influence of the medium boundary when the finite dipole is unsymmetrically 


located. 


The inherent defect of this system was studied in terms of a spherical bound- 
ary which is amenable to theoretical analysis. When a finite dipole is located 
in a spherical system, no current lines pierce the equatorial plane containing the 
two electrodes and the sphere center. Therefore, half of the sphere may be re- 
moved without affecting the current or potential distribution in the other halt 
(except for a factor of two which is easily accounted for).?’ This symmetry prop- 
erty enables experimental investigations with the use of a hemisphere, which is 
very convenient in permitting the equatorial plane containing the finite dipole to 
be probed, with minimum disturbance of the field. Despite the restriction that 
the potentials are not conveniently measurable inside the hemisphere, many 
properties of the spherical conducting system can be studied. A sketch of the 
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hemisphere apparatus and center-electrode reference system is given in Fig. 8 
along with the equivalent bridge circuit, where the approximate delta-wye trans- 
formation of Fig. 5 has been incorporated. 
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Fig. 8.—a shows two types of center-electrode designs, while } shows a finite dipole with center- 
electrode reference immersed in a hemisphere apparatus, the field of which is the same as that 
in half of a spherical medium; c gives the equivalent bridge circuit of the center-electrode reference 
system 


In order to locate the center-electrode C at the position where its potential 
is V,, the finite dipole can be accurate‘y centered in the hemisphere, as shown 
in Fig. 9a. Then V, is the equipotential which is the perpendicular bisector of 
the line joining the two current electrodes, 1 and 2. Electrode C can be posi- 
tioned so that the reading on D is zero when the probe is located on this perpen- 
dicular bisector. If now the finite dipole position is shifted, such as shown in 
Fig. 9b, the voltmeter D will indicate the voltage between reference electrode C 
and any point in the medium where the probe 3 may be located. Unfortunately, 
however, the change in the .finite dipole position is accompanied by a shift of the 
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equipotentials between the two electrodes of sufficient magnitude that the poten- 
tial of the reference electrode C differs appreciably from V,, even though the 
physical location of C relative to electrodes 1 and 2 has not changed. Hence, the 
voltage readings on D obtained with an eccentrically located finite dipole are 
not probe voltages with respect to V, but rather with respect to some other equi- 
potential which terminates on C in the unsymmetrical case. 


{D} 
3 ZERO READING 


Fig. 9a Equipotentials in the equatorial plane of a spherical homogeneous conducting medium 
when the finite dipole is located in this plane. <A centric finite dipole is shown in a 


It may seem surprising that the shift of equipotentials between the current 
electrodes, which is a region of very high field intensity, is appreciable when the 
boundary is relatively distant from the finite dipole. Indeed, the physical shift 
is very small but nevertheless too great to be tolerated if the 1 to 10 per cent 
accuracy requirements previously discussed are to be realized. The shift was 
studied experimentally for finite dipoles which were moved from the centric 
position of Fig. 9a along the line joining the two current electrodes. An equation 
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giving the potential V in volts on the equatorial plane for an eccentrically located 
finite dipole when the line passing through the current electrodes also passes 
through the center of the sphere is 


> ays 1 
V = a") —— —+ P, (cos @) (4) 


This equation is derived in Appendix I. The distance between the current elec- 
trodes is d = b — a; | is the finite dipole current; p is the resistivity of the homo- 
geneous medium; R is the sphere radius; r is the distance from the sphere origin 
to any point where the potential is V; 0 is the angle between r and the finite dipole 
axis; P,(cos®) is the Legendre polynomial of order n; b and a are the distances 
from the origin of the two electrodes. The infinite series, Equation (4), converges 
only for r greater than b > a. 

The potential at the boundary of the sphere is of particular interest and can 
be obtained from Equation (4) by imposing the condition r = R. 


ia * 2n+ 1 1 
Va (b"—a") | —— P, (cos (5 
n Re! 


An example of how this equation was used in the present study will now be 
given. Consider the case of an eccentric finite dipole for which a = d and b = 2d. 
Equation (5) then becomes 


Ip 20 d\"/2n+1 
Vs | (2" — 1) — - (cos 9) (6) 
a-d 4rR R n 


b = 2d 


This potential is zero at 9 = +77.5° as can be found from direct calculation using 
d 
the experimentally employed value 0.173. A fixed reference probe was, 


therefore, placed at 77.5° and bipolar measurements were performed, measuring 
the potential between a movable probe with respect to the theoretically deter- 
mined zero. Detailed plots showed that the equipotentials observed experi- 
mentally agreed to within several per cent or better of those predicted by Equation 
(6) for the boundary and by Equation (4) with a = d and b = 2d for points not 
on the boundary. In this way an electrode that was known to be at the potential 
V,. was established for this special case. Then the center-electrode potential 
(correctly set up in the centric case) was measured with respect to the boundary 
reference probe which was known to be at potential Y, = 0. For the eccentric 
case discussed here, the difference between the potential of the center electrode 
and V, was approximately 15 per cent of the maximum boundary voltage of the 
centric case. Since only 1 per cent is tolerable, it is clear that the center-electrode 
system is not feasible. Moreover, the ratio d 0.173 for this test reveals that 
R 

the eccentricity was really not very great; i.e., the finite dipole is still roughly 
in the center of the medium (see Fig. 9b). Even worse departures of electrode C 
potential from V, are encountered with greater eccentricity of the kind that might 
be required to cover the complete range of human hearts. 
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The physical displacement of V, from the mid-point between the finite 
dipole to its altered position in the eccentric case can be estimated from a theo- 
retical analysis of the potential gradient between two nearly spherical electrodes 
in an infinite medium. Such an analysis is given in Appendix II where it is shown 
that the potential between such electrodes along the line through their centers 
is given by 

2Ip x d 
d?— 4x? 2 
where V is the potential in volts at a point x measured from the mid-point between 
the two electrodes which are spaced a distance d apart. The electrode current 
is I and the resistivity of the homogeneous medium is p. The potential gradient 
atx = Ois 
2Ip 
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and this is the approximate magnitude of the electric field intensity at the point 
where electrode C is located. The numerical value of this gradient for the case 
cited with an observed departure of V, equal to 15 per cent of Vm is 45 mv./mm. 
This is obtained using I = 2 ma, p = 2,200 ohm-cm., d = 2.5cm. The measured 
value of Vm was 30 mv. Therefore, the shift in electrode C potential was 
0.15(30) = 4.5 mv. which in the presence of a 45 mv./mm. potential gradient 
corresponds to a physical shift of 0.1 mm. Since d = 25 mm., this represents a 
shift of 0.4 per cent of the finite dipole spacing. The difficulties inherent in the 
reference voltage determination are well illustrated by this minute physical 
shift which causes electrical disturbances that are far outside the desired limits. 


EXTERNAL REFERENCE SYSTEM 

A practically feasible reference potential system can be devised using, in 
principle, the system of Fig. 3 which has the equivalent bridge circuit in Fig. 4. 
However, the practical difficulties attending this system are considerable, as dis- 
cussed below. 

A complete system is shown in Fig. 10. This is essentially the same as given 
in Fig. 3 except for the inclusion of electrical shielding throughout and the addi- 
tion of the two capacitors C,; and C2 which are necessary to achieve the desired 
bridge balance in the presence of appreciable polarization impedance in the bridge 
arms. 

It is desirable to operate at low dipole current in order to reduce the fluctu- 
ations in the polarization impedances and also to minimize I?R heating of the 
conducting medium, the resistivity of the medium being temperature sensitive 
(of the order of 2 per cent per degree centigrade). Rough calculations, based on 
a bridge sensitivity of one part in 20,000, of permissible differentia! changes in 
medium resistivity indicate that unsymmetrical temperature differences in the 
medium of the order of 1/100°C can cause bothersome bridge-null instability. 
Dipole currents in the order of 10 to 20 microamperes are satisfactory from the 
standpoint of thermal gradients, but the boundary voltages produced on the 
model are then completely overriden by stray pickup unless the model is placed 
in a shield cage as indicated in Fig. 10. The 60 cycles per second pickup in the 
model is also large in comparison with the model boundary voltage but can be 
rejected by using a very narrow-band frequency-selective detector. A harmonic 
wave analyzer is used for this purpose, which also eliminates harmonics of the 
signal frequency. 

In practice a compromise must be made among many factors in arriving at a 
workable system, some of which are: accuracy, size of finite dipole, oscillator 
frequency. As the electrode area of the finite dipole is reduced, maintaining con- 
stant dipole current, the attainable accuracy is also reduced because of bridge-null 
instability brought about by fluctuations of polarization impedance, the electrode 
current density having become greater. These fluctuations can be reduced by 
increasing the oscillator frequency, which brings about a reduction of the polari- 
zation impedances, but there is an upper limit beyond which it is undesirable to 
go because of the increased effects of stray capacitance in the bridge circuit and 
system-shielding difftculties.. The compromise that is reached varies with the 
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application; a typical set of practically useful parameters has been the use of 
platinum electrodes of approximate area 4 cm. operated at low current and 
platinized, which results in a stable bridge-null of about 1/20,000 of V at a fre- 
quency of 1 ke./sec. The fluctuations in the bridge-null arise from both thermal 
gradients in the medium and polarization impedance variations under these 


conditions. 
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Fig. 10.—Practical arrangement for an external reference system which includes shielding, tuning 
capacitors in the bridge circuit, and a frequency-selective bridge detector. The oscillator is a Hewlett- 
Packard Low-frequency Oscillator, Model 202B; the detector is a Hewlett-Packard Harmonic Wave 
Analyzer, Model 300A; the bridge transformer is a General Radio Type 578-A. A Hewlett-Packard 
Amplifier, Model 450A, is used ahead of the detector when extremely small dipole currents are used. 

Although the resistivity of the medium affects the performance of this sys- 
tem by altering the polarization impedance at the electrode interface, it is not a 
very pronounced effect provided the polarization impedance is small compared 
with the solution resistance. The main reason for this is that the boundary 
voltage is proportional to the voltage applied to the bridge independent, to first 
order, of the resistivity of the medium, as indicated by Equation (3). 
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SUMMARY 


1. Measurements of potentials produced by a finite dipole immersed in an 
insulating torso mode! filled with a homogeneous conducting fluid are discussed. 

2. The need for a reference potential is presented as well as a discussion of 
the accuracy with which the reference potential must be determined. 

3. The equivalent bridge viewpoint is introduced and is shown to give con- 
siderable insight into the electrical nature of both unipolar and bipolar measure- 
ments. 

4. A center-electrode reference system is described which has several ad- 
vantageous features. The inherent defect of this system, a shift of equipotentials 
between the two current electrodes owing to the distant boundary, is pointed 
out and analyzed. 

5. The experimental difficulties and interrelationship of the more im- 
portant design factors of a practical reference potential system are presented. 

The authors express appreciation to Dr. Herman Schwan for his helpful comments and dis- 


cussions concerning polarization phenomena and to Dr. S. Reid Warren, Jr., and Mr. Albrecht J. 
Neumann for their many helpful suggestions. 


APPENDIX I 


The electric potential is desired in a homogeneous conducting medium bounded by a per- 
fectly insulating spherical shell produced by a finite dipole of separation d and current I when the 
finite dipole is located in an equatorial plane of the sphere and when the line joining the two current 
electrodes passes through the center of the sphere. 

First, the solution for the case of a finite dipole which has one electrode at the sphere center 
can be obtained. By linear superposition a pair of such finite dipoles can then be combined so 
that the poles at the origin annul one another, leaving the desired solution. Potentials ina homo- 
geneous medium satisfy Laplace’s equation 


av 1 a av ey 
or or sin 00 a0 


in which r, 6 and ¢ are polar spherical coordinates. The boundary condition is 8V/ér=0 
at r= R, the sphere radius; i.e., all current lines are tangential at the boundary. A second re- 
quirement is that as R-+~, V must reduce to the potential of a finite dipole field in a medium of 
infinite extent. In addition, the symmetry condition 0V/d¢=0 is applicable. 

The solution for R-+ may be obtained readily since the potential V ~ in this case is given 


by the elementary relation’ 
Ip 1 1 
4r r; r 


where pp is the resistivity of the medium and r; is the distance from the positive current source, 


located along the z-axis, a distance d from the origin, to the field point V ~ and is given by® 
1 -4% 1 1 d\" 
— (d? + r? — 2dr cos @) —-+- b> P, (cos @) (11) 
ry r n=1 


which converges for r>d. Hence, from Equation (10) 
Ip 
Vo — - P, (cos . (12) 
4m 


i 
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0 must reduce to Equation (12) as 


Since the solution of Equation (9) with @#V/d¢? 


R-+, it appears that the form of V is 


\ » Ayr" + P,, (cos O (13) 
n= I 


which is known to satisfy Equation (9) for any values of the constants A, and B,. A connection 


between A, and B, is obtained by imposing the boundary condition 


— O nA,R" (n+ 1) B, P, (cos (14) 
or n=1 
r=R 
which must hold for all 6. Consequently, Ay = (n+ 1) B,/nR***' which when inserted into 
Equation (13) yields 
n+ 1 I 
V SB, P, (cos @ (15) 


1 n R 


Since the constants B, are independent of R, any convenient value of R may be used to evaluate 
them. Selecting R>>r, and comparing with Equation (12), it can be seen that B,—I pd®/4z. 


Hence, the solution which satisfies Laplace’s equation, the boundary and symmetry conditions 
and which also reduces to Equation (12) as Ro, is 
Ip 
V > + P, (cos 
4m n=l n atl 


(16 


Now superimpose two solutions of the form Equation (16); V; the potential due to a finite 


dipole of spacing b with a negative current source at the origin, and V2 the potential due toa 
finite dipole of spacing a <b, with a positive current source of equal magnitude at the origin. The 
two electrodes which are not at the origin are each located on the z-axis. 


Ip n+1 ir 1 
b' P cos (17 
n+1 Fr 
\ bs a’ ( + P,, (cos O 18 


The resulting finite dipole has no source or sink at the origin, due to cancellation, and has a sepa- 


ration d = b — a, with potential given by 


lp n+1oe¢ 
\ V; T V2 b! a‘ P, cos 19 
47 n RR? r 


which is the desired result!® and Equation (4) of the text. The convergence condition of Equa- 


tion (11) becomes, when applied to Equation (19), r>b. 


APPENDIX II 


The potential between two nearly spherical electrodes in an infinite homogeneous medium 
of resistivity p is desired. This potential may be obtained from the formula for a finite dipole 
in an infinite medium by letting the electrodes coincide with one of the equipotential surfaces 


around each infinitesimal pole. If the ratio of electrode diameter to spacing is reasonably small, 


it will be shown that the electrode shape is very nearly spherical. 


t 
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Consider a positive point current source of strength I located in the xy-plane at x= s, y = 0, 


and a negative point current source of strength —I symmetrically located at x =—s, y =0. Using 
Equation (10) the potential along the x-axis owing to these currents is given by 


lp 1 1 lp X 
\ x (20 
Lor x s+ x Ir x2 
lp 1 lie * 
\ (21) 
s+ x 27 x?—s? 
Define V; as the potential at any point x; on the x-axis such that 0<x,;<s. Then directly from 
Equation (20) 
Ip 
\ (22) 


s* 


Let x2 be a point on the x-axis such that x2>s and the potential is also Vi; then, using Equation 
(21) 


Ip 
(23) 
27 Xo? s? 
Equating Equations (22) and (23) 
— + s*x; 
(24) 
XI 


or defining k such that x; = ks where 0<k <1 


Xe S 1 T k (25) 
k 
Now let the positive electrode coincide with the surface of potential V;, passing through 
x; and xz. The distance spanned by this electrode along the positive x-axis is 
lg 
de=xX2— (14 k) —k (26) 
k 
Place the equal-size negative electrode symmetrically. Then the distance between the centers 


of the electrodes is 


A typical value of k encountered is 0.8 which corresponds to a ratio of electrode diameter to elec- 
trode spacing of approximately 0.2. With k = 0.8 Equations (25) to (27) yield 


X} 0.800 s Xe 1.204 s 

de — 0.404 s d == 2.004 s 
lherefore, the electrodes are very nearly spherical since d/2 is very nearly equal to s, and s— x: 
is very nearly equal to x2— s, Consequently, s may be taken as d/2 where d is the distance 


between the centers of substantially spherical electrodes and the potential in between the elec- 
trodes is given by Equation (20) with s = d/2 or 
lp X 2! p X d 
\ » (28) 
21 d\? d?—4x? 2 


~ 


which is Equation (7) of the text. 


X1 tT Xe | ly 

d 2 [a T k T «| (27 
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ELECTROCARDIOGRAPHIC MANIFESTATIONS OF AIR IN THE 
CORONARY ARTERIES OF DYING AND RESUSCITATED HEARTS 


Tuomas N. JAMEs, M.D., THoMAs GEOGHEGAN, M.D., 
AND ConraD R. Lam, M.D. 


Detroit, MIcuH. 


HE fate and consequences of intravascular air form a subject which has 

attracted medical attention and investigation since before 1830, when Cor- 
mack blew “‘the contents of his chest, twice filled’’ into the veins of a horse.! 
Within the last three decades the vast difference in the effect of air in the right 
side of the heart as compared to that in the left side has become apparent. Ex- 
cepting the presence of shunts, venous air in small amounts is relatively innocu- 
ous. Although this is not true when a gas enters the left side of the heart, until 
recently the reason has been controversial. Present evidence favors occlusion of 
the coronary arteries as the mechanism by which death occurs in the latter 
example.” * 

Electrocardiograms taken during coronary artery occlusion by air are rare, 
both in the clinical and experimental literature. Durant‘ in 1935 and Cameron® 
in 1945, each reported single cases in which clinical findings favored the diagnosis 
of coronary occlusion by air; each case was a twenty-four-year-old white woman 
who was receiving artificial pneumothorax for pulmonary tuberculosis. Electro- 
cardiograms made in each case exhibited evidence of acute myocardial infarction; 
in addition, Cameron's case had transient heart block. Numerous single cases 
and several reviews®’ of similar clinical experience during thoracotomy, pneumo- 
salpingography, thoracentesis, etc., are available, but no electrocardiograms are 
presented. 

Durant and co-workers? in 1949 conducted experimental studies of the effect 
of air in the left side of the heart, focusing attention on the electrocardiographic 
changes. Eighteen procedures were performed on sixteen dogs. The procedures 
were of two types: fourteen times air was injected directly into the anterior de- 
scending coronary artery, four times into the left auricle or one of the pulmonary 
veins. In eight of the procedures a prolongation of the QRS complex was noted. 
Injury currents were reported in only twelve procedures, although “ischemic 
areas were induced within the myocardium in all the experiments.’”’ Four ex- 
amples of various auriculoventricular conduction disturbances were observed. 
No attempt to resuscitate the animals was made. 

The problem of air entering the coronary arteries during left cardiotomy has 
become vitally important with the newer methods of cardiac surgery. Heretofore 
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such an event has been considered untreatable and usually fatal. The magnitude 
of this problem has been well recognized by Martin and Essex!® who stated: ‘“‘all 
intracardiac procedures on the left side of the heart are liable to failure unless 
some means is obtained of precluding the entrance of air into the coronary ves- 
sels.” The technique recently devised by Geoghegan and Lam‘ clears the coro- 
nary tree of such air, allowing resumption of normal coronary blood flow. Their 
development represents the first effective means of dealing with the problem of 
coronary air. This is a study of the electrocardiographic aspects of intracoronary 


air, untreated and treated. 


DESCRIPTION OF EXPERIMENTS 


Nine adult male mongrel dogs were used. Five of these were designated as 
controls, while resuscitation was employed in four. The details of the operative 
procedure have been described previously. The general features are as follows: 
After anesthetization with endotracheal oxygen and ether, left chest thoracotomy 
was performed with the animal in the right lateral position and long axis horizon- 
tal. Aortic pressure was obtained from a cannula within the arch of the aorta. 
1.5 c.c. of air per kilogram was injected rapidly near the mid-portion of the left 
ventricle. The coronary arteries were immediately filled with air bubbles by the 
first few subsequent systoles," and cardiac output failed so rapidly thereafter that 
a large portion of the injected air was trapped in the dilating left ventricle. At 
thirty seconds the remaining air was aspirated from the left ventricle in all nine 
dogs. 

Electrocardiograms were made with a portable direct-writing machine con- 
nected in tandem with a multichannel oscillograph® which was recording the 
aortic pressure. The latter instrument produced a photographic record of simul- 
taneous aortic pressure and electrocardiogram. At the same time a direct-written 
electrocardiogram was made almost continuously, since operation of the direct- 
writer did not necessitate simultaneous use of the oscillograph. 

Prior to the procedure, control electrocardiograms consisting of the three 
standard extremity leads, plus augmented unipolar extremity leads were ob- 
tained. Direct epicardial leads were not attempted, in order to leave the heart 
free for observation and various procedures. For the continuous tracing Lead 
aVr was chosen because it best depicted all three major components of the cardiac 
cycle: P wave, QRS complex, and T wave. 

In the four treated dogs resuscitative measures were instituted about one 
minute after the injection of air. The aorta was occluded with a snare distal to 
the left subclavian artery one to two minutes after air injection. When the spon- 
taneous contractions were insufficient to propel the air segments along within 
the coronary arteries, manual systole was employed. This was continued until all 
the coronary arteries were clear of air. The aortic snare was then gradually re- 
leased from six to twelve minutes after air injection, concluding the experimental 
procedures. 

Following recovery, the six leads used in the control electrocardiogram were 


repeated. 
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RESULTS 


1. General Sequence of Events.—Within ten seconds after air was injected 
into the left ventricle, bubbles of air were visualized entering and almost imme- 
diately filling the left anterior descending coronary artery. In all cases an abrupt 
hypertension occurred, (Fig. 1) lasting approximately twenty seconds. We have 
observed a similar hypertension after air injection into various major systemic 
arteries. At the peak of blood pressure rise, air was seen in the anterior descend- 
ing coronary artery (the major coronary artery readily visible in the surgical ex- 
posure), and simultaneously injury current appeared in the electrocardiogram. 
Thereafter, the aortic pressure progressively fell, reaching zero level in two to four 
minutes in the control dogs. Cardiac rate was not significantly altered. In none 
of the animals did the injury current per se persist more than one and one-half 
minutes. 

Of the five control animals the ventricles exhibited barely visible contractions 
in four dogs for four to fifteen minutes after air injection. In one dog ventricular 
fibrillation occurred at seventeen minutes, while the auricles were observed to 
continue beating regularly for over one hour. In three dogs both the auricles and 
ventricles stopped beating at the same time, while in a fourth dog auricular ac- 
tivity continued forty-three minutes after the ventricles had come to standstill. 

Left ventricular dilatation was observed in all of the animals. On exam- 
ining the hearts post mortem, the entire coronary tree was seen filled with air. 

Three of the four treated animals were successfully revived. In the failure 
the coronary arteries were successfully cleared of air and a normal sinus rhythm 
was established, but the contractions were too weak to sustain necessary aortic 
pressure. In the three dogs which recovered completely, manual systole was 
maintained for from seven to ten minutes, after which time all three had estab- 
lished a normal sinus rhythm with ventricular contractions producing normal 
aortic pressure. 

2. Electrical and Mechanical Dissociation in the Dying Heart.—The inde- 
pendence of electrical and mechanical reactions in the heart has been described 
previously, the difference being analyzed in normal hearts." In this study we ob- 
served gross discrepancy between mechanical and electrical events during mal- 
function. 

Although an electrocardiographic injury current and a fall in aortic pressure 
appeared at the same time, the injury current soon reverted to normal while the 
aortic pressure continued to decline. Normal electrocardiographic inscriptions 
were apparent even when the aortic pressure had declined to zero and no aortic 
pressure complexes were visible (Fig. 2). 

During the air aspiration procedure thirty seconds after injection of the air, 
a certain amount of manipulation of the heart was inevitable. The electrocardio- 
gram changed considerably in amplitude during aspiration when cardiac position 
was altered, but duration and contour of the complexes did not (Fig. 1). As soon 
as the manipulation was completed and the heart restored to its original position, 
however, there was no more evidence of the injury current seen prior to the aspira- 
tion. The decline in aortic pressure progressed unabated all this time. 
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3. Electrocardiograms of the Resuscitated Hearts.—Initially the aortic pres- 
sure and electrocardiogram were the same in this group as in the control animals 
(Figs. 3, 4). An injury current was apparent within ten to twenty seconds after 
air injection, manipulation during air aspiration evoked transient electrocardio- 
graphic improvement while the aortic pressure continued to fall, and the general 
appearance of the heart deteriorated, as evidenced by dilatation and cyanosis. 

After application of the aortic snare and institution of manual systole, nei- 
ther the aortic pressure nor electrocardiogram reflected intrinsic cardiac activity. 
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Fig. 2.—Upper tracing in each segment is the aVR electrocardiogram; lower is aortic pressure. 
Segment A represents a control taken at 3:14 p.m.; Bis at 3:15:20; Cis at 3:16, and D at 3:16:30. Note 
progressive decline in aortic pressure as ECG assumes a more normal contour; variation in relation of 
amplitudes of R and S waves in ECG is due to change in axis of heart as ventricular dilatation 
occurs, The dip in segment D is a respiratory effect. 


ant 
| 
| 
| 
A B 


220 AMERICAN HEART JOURNAL 
When the air segments had been pushed out of the visible coronary arteries, supra- 
ventricular complexes began to appear spontaneously in the electrocardiogram, 
although aortic pressure was usually still low. Manual systole was continued 
a few minutes after this phase, while the aortic snare was gradually being re- 
leased. The supraventricular complexes progressively became the dominant 
ones, and aortic pressure improved until the heart was able to meet its own re- 
quirements in coronary circulation. 

When the aortic pressure had returned to levels present prior to air injection, 
the electrocardiogram likewise was similar to that obtained prior to aif injection 


(Figs. 3, 4). 


One 
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Fig. 3 Six representative segments from the record of a typical treated dog. Segment A is a 
control taken at 3:41; Bis at 3:45:25, air being injected at 3:45; Cis at 3:50, after resuscitation had been 
proceeding for four minutes; D is at 3:51, during further cardiac massage; E is at 3:52, at which time 
gradual release of the aortic snare is about one-half complete, and F is at 4:05, twenty minutes after air 
injection. Note complete recovery in comparison to contro] tracing. Upper tracing is aVR electro- 
cardiogram, lower one is aortic pressure. 
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A comparison of all six leads of the electrocardiograms made before air injection and approximately thirty minutes later, following 
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4. Auricular Complexes.—Since the first dog developed ventricular fibrilla- 
tion, the auricular complexes were obscured on the electrocardiogram by the fibril- 
lation waves, although the auricles were observed to continue beating regularly. 
The second, third, and fourth control dogs manifested simultaneous auricular 
and ventricular standstill. The auricular complexes in those dogs were not re- 
markable. 

After the ventricles ceased beating at approximately seven minutes after 
the injection of air in the fifth control dog, the auricles continued to inscribe P 
waves for almost an hour (Fig. 5). These isolated P waves retained their original 
contour initially but began to vary slightly in rhythm, much as is seen in sinus 
arrhythmia. One minute later, the general contour of the P waves began to vary 
in an irregular fashion. Three minutes after the cessation of ventricular activity 
it was observed that the left and right auricles were beating in grossly different 
rhythms, each regular in its own pace (Fig. 5,4). Three minutes later (thirteen 
minutes after the injection of air) the left auricle had gradually ceased beating and 
the only portion of the right auricle visibly contracting was the tip of the right 
auricular appendage; distinct P waves were still being inscribed (Fig. 5,B). Soon 
a second peak appeared on the P wave, representing an auricular T wave (Fig. 
5,B,C)."" The valley between these two peaks gradually became elevated, 
assuming the contour described by Hellerstein'® and others,'?'5 as characteristic 
of auricular infarction and designated by them as elevated ‘‘P-T,’’ segment (Fig. 
5,D,é). Auricular fibrillation did not spontaneously develop. 

5. Conduction Disturbances Encountered.—Arrhythmias of various sorts were 
seen in the five control animals (Fig. 6). Generally, as the degree of anoxia in- 
creased the following sequence was manifest. Partial auriculoventricular dis- 
sociation appeared, gradually increasing in degree until complete dissociation was 
present; shortly thereafter, the ventricles usually ceased beating. Regular au- 
ricular beats continued for approximately one hour. The phenomenon of long- 
persistent auricular activity following complete ventricular standstill has since 
been observed in a number of dogs not included in this report. 

Several manifestations of auriculoventricular nodal anoxia were observed. 
The first four control dogs all developed reciprocal beating (Pick and Langen- 
dorf's'® ‘‘re-entry phenomenon”) in from one to two minutes after air injection 
(Fig. 6,C,D); the fifth dog's electrocardiogram was also suggestive of this phe- 
nomenon but not conclusive. The treated animals showed no arrhythmias prior 
to the institution of resuscitative measures. 

Wenckebach’s phenomenon occurred in the second and third control dogs 
approximately two minutes after the injection of air (Fig. 6,A,B). 

In the fourth resuscitated dog, approximately seven minutes after air in- 
jection and with release of aortic snare about one-half completed, a peculiar 
shortening of the P-R interval with a regular ventricular response was observed, 
the first portion of which is reproduced in Fig. 5,E. While the Q-Q interval re- 
mained constant, the P wave not only migrated toward the QRS but through it, 
appearing on the other side superimposed on the ascending limb of the S wave. 
Shortly thereafter a sinus rhythm gradually reappeared; the contour of the QRS 
complex remained unaltered. The entire period of migration occupied no more 
than one minute and did not reappear. 
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6. Miscellaneous Observations.—During massage of the heart while the aorta 
was clamped, simultaneous recordings of aortic pressure and the aVr electro- 
cardiogram were made. Handling the heart produced numerous ventricular 
extrasystoles of multicentric origin (Fig. 7,B). 
fibrillation occurred paroxysmally (Fig. 7,A ). 


In addition, however, auricular 


| 


Simultaneous tracings of aVR electrocardiogram and aortic pressure during cardiac 
massage, See text for explanation. 


In the fourth treated animal a rise in the aortic pressure appeared spon- 
taneously (Fig. 8). At this time the aortic snare was about three-fourths open, 
and opening had been gradually carried out for the preceding two minutes. The 
etiology of this spontaneous hypertension is not clear. It was accompanied by a 


tachycardia, sudden marked S-T segment depression, and a bright pinking of the 
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myocardium; neither the hypertension nor the associated changes were long sus- 
tained. This phenomenon was noted in previous experiments after release of 
aortic constriction in which no electrocardiograms were taken. It bears a resem- 
blance to a similar response occurring after release of caval occlusion and sug- 
1 b B: il d ~ 20 b 1 ] ac f 
gested by Dryer to Bailey and co-workers”® to be due to release of epinephrine. 


COMMENT 


In view of the appearance of various injury currents synchronous with the 
visualization of air bubbles in the anterior descending coronary artery, it is reason- 
able to presume that the net effects were the same as those seen following any type 
of occlusion of this artery. This is in agreement with the findings of Durant when 
he injected air directly into this artery.® 

It is more difficult to explain the subsidence of the injury current while the 
hearts were obviously dying. Since an injury current occurs usually during im- 
balance in oxygenation of various portions of the myocardium, it is conceivable 
that this imbalance is extinguished when all the coronary arteries are filled with 
air and consequently occluded, rendering the entire myocardium totally and 
equally anoxic. 

The effect of anoxia upon the auriculoventricular node varied from animal 
to animal and also in the same animal as the anoxia increased. Some of the early 
manifestations are illustrated in Fig. 6, but as the anoxia became more severe, 
increasing auriculo-ventricular dissociation was the rule. 

Why the auricular T wave and the elevated P-T, segment were so tardy in 
appearing is open to speculation. 


SUMMARY AND CONCLUSIONS 


Injection of lethal amounts of air into the left ventricular cavity is followed 
by occlusion of the coronary arteries by this air. The electrocardiogram initially 
manifests an injury current following this occlusion but soon reverts to a non- 
pathologic contour. During this phase there is gross dissociation between the 
mechanical and electrical activity of the heart. As the anoxia progresses, various 
conduction disturbances appear. Ventricular fibrillation is uncommon. 

The changes produced by air in the coronary arteries are entirely reversible, 
with the recovered animal exhibiting no electrocardiographic evidence of residual 
injury to the heart. 


We are grateful to Dr. F. Janney Smith for his kind suggestions in the preparation of this 


report. 
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STUDIES ON THE QRS-T ANGLE 


RosBert A. HELM, M.D., AND O. FOWLER, JR., M.D.* 


CINCINNATI, OHIO 


ffi purpose of this paper is to report some studies relating to the determina- 
tion of the angle between certain spatial QRS and T vectors and the angles 
between their planar projections. These were based upon the following con- 
siderations. 

1. Although the projections of QRS and T vectors have been depicted in 
the frontal plane, and the projected frontal QRS-T angle has been measured, the 
authors know of no description in the electrocardiographic literature of a method 
to calculate mathematically the angle between two spatial vectors, given only 
the angular positions of their projections on two separate and mutually per- 
pendicular planes. Since it is more practical to measure the positions of vector 
projections on given planes than it is to determine vector positions in space, such 
a method of calculation assumes importance and will be given here. 

2. Various spatial reference frames have been used to study the spatial 
electrical forces of the heart. Since there is no agreement as to the best reference 
frame for spatial vectorcardiography, it is evident that an extensive statistical 
study of the limits of normality of the angle between the largest spatial QRS and 
T vectors determined with any of the three-dimensional frames would be pre- 
mature unless preliminary study demonstrates that results obtained with one 
method are interchangeable with those determined by another method. The 
latter possibility has been explored. 

3. A method of calculating the angle between the mean spatial QRS and T 
vectors from a clinical scalar electrocardiogram, differing considerably in its de- 
tails from Grant and Estes’ method! of estimating this angle has been developed. 


METHODS 


Twenty subjects with normal hearts, as demonstrated by physical examina- 
tion, thoracic teleroentgenogram, and electrocardiogram, were studied. Their 
ages ranged between 18 and 57 years with a mean of 32. Only one subject ex- 
ceeded 50 years of age. Electrocardiograms, consisting of Leads I, I], III, aVr, 
aV,, aVe and V, through V., were taken on all twenty subjects with a Sanborn 
Viso-Cardiette. Vectorcardiograms were obtained from fifteen of the twenty 
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subjects, utilizing the cube reference frame described by Grishman and his asso- 
ciates.? All three components were equally standardized. Vectorcardiograms 
were obtained from thirteen of the twenty subjects, utilizing the equilateral 
tetrahedral reference frame described by Wilson and his associates.’ Stand- 
ardization factors of 1.7 and 1.2 were used for the VF and VB components re- 
spectively. Nine of the twenty subjects had vectorcardiograms recorded with 
both the cube and tetrahedral systems. 

The vectorcardiograms were recorded with the Technicon ‘“Cardiograph” 
and the Technicon ‘‘Vectorscope.’’ They were taken consecutively rather than 
simultaneously in the frontal, sagittal, and transverse planes. The polarities of 


the components of both reference frames were so selected that the recorded vec- 
torcardiograms were viewed as follows: 1. Frontal plane: In an anterior- 
posterior direction with the subject upright. 2. Sagittal plane: In a right-left 
direction with the subject upright. 3. Transverse plane: In a head-foot direc- 
tion with the subject prone. 

We have arbitrarily measured in degrees the angular positions of vector pro- 
jections on the various planes as follows: 1. Frontal plane: In a clockwise 
direction from the (patient’s) left end of the horizontal axis (x axis in Fig. 1). 
2. Sagittal plane: In a clockwise direction from the inferior end of the vertical 
axis (y axis in Fig. 1). 3. Transverse plane: In a clockwise direction from the 
posterior end of the anterior-posterior axis (z axis in Fig. 1). These angles are 
designated as «xy, «yz and «zx for the frontal, sagittal, and transverse planes 
respectively. When dealing with more than one vector a prime is added to the 
letters of the subscript to designate the second vector (e.g., «x’y’). Since this 
paper is concerned only with QRS and T vectors the prime is used for designation 
of the latter. 

In measuring the angles of the projections of the largest QRS vector on the 
various planes of the vectorcardiograms, a line was drawn from the null point, 
corresponding to the isoelectric line of the electrocardiogram, to the most distal 
point of the QRS loop. The angle formed by this line and its intersection with 
any line parallel to the axis of reference is measured as has been described. The 
same technique, utilizing the null point and the most distal point of the T loop, 
was used to measure the angle of the projection of the largest T vector. 

These measurements were made for all three planes of the vectorcardiograms 
when possible. However, it was repeatedly noted- that the largest vector pro- 
jection could be determined with more accuracy in certain planes than in others. 
For this reason the angular position of the vector projection in that plane in which 
the measurement was deemed least accurate was calculated from the angular 
positions measured in the other two planes by means of Equations (17), (18) and 
(19) given in the appendix. If the measurements were deemed inaccurate in two 
planes, the vectorcardiogram was discarded. 

The determinations of the angular positions of the frontal plane projections 
of the mean QRS vector («xy) and of the mean T vector («x’y’) were made from 
the transitional complexes of the standard and unipolar extremity leads of the 
electrocardiogram, according to the method of Grant and Estes! and Graettinger 
and associates.‘ 
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For determination of the mean QRS and T vector projections on the trans- 
verse plane, the precordial leads V,; through V¢ were considered to lie in approxi- 
mately the same plane. Since there is considerable disagreement, as judged by 
illustrations in various books and papers as to the positions of the precordial 
electrodes with reference to the electrical center of the heart and the horizontal 
and anterior-posterior axes of the body, we have used the angular positions shown 
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Fig. 1.—Diagram illustrating the designations of the angular measurements. See text. 


in Fig. 2, constructed with the aid of a cross-sectional anatomical drawing,’ at 
approximately the level of the precordial electrodes. The center point of the 
heart, £, lies to the left of, and anterior to, the center of the chest. Utilizing the 
transitional zone concept of Grant,'*7 the angular positions of the projections of 
the mean QRS and T vectors on this plane were determined. Grant does not 
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assign an angular quantity to this estimation, but rather uses the transitional 
point together with the corresponding vector projection on the frontal plane to 
form a visual or actual three-dimensional model,':? thus arriving at an estimate of 
the position of the vector in space. We have found it extremely difficult to make 
a quantitative determination of the spatial QRS-T angle by Grant's method. 
With the modification described above, however, it is relatively simple to assign 
a value to «zx for the QRS and to «2z’x’ for the T, these values together with those 
of the frontal plane being used for the calculation of the spatial angle. 

The values for «xy, «x’y’, «zx and «z’x’ were thus obtained for the largest 
QRS and T vectors with the cube and tetrahedral vectorcardiograms as well as 
for the mean QRS and T vectors with the 12 lead electrocardiograms. The 
angles between the frontal and transverse planar projections of the QRS and T 
vectors were then simply calculated as the angular differences between «xy and 
<x’y’ and between «sx and «z’x’, respectively. These frontal and transverse 
planar angles are designated, hereafter, as @xy and 62x respectively. The desig- 
nation @ is given to the angle between the spatial QRS and T vectors. This 
angle was calculated by means of Equations (7), (10), (13) or (15), and (14), 
given in the appendix. 


Fig. 2 Diagram based upon a cross-section anatomical drawing, of the angular arrangement of 
the exploratory V lead electrodes about the center of the heart. See text 


RESULTS 


The following means and standard deviations were obtained with the three 


reference frames used: 


VECG* Cube Tetrahedron 
43.4+ 20.2 17.8 + 10.5 27.7 + 13.7 
20.0 + 15.6 13.8+ 8.13 24.54 13.7 
0zx 51.0 + 25.0 11.4+ 11.2 16.2 + 12.1 


Each of the means differed significantly from zero (P <.001 in all instances). 


(*See footnote on opposite page.) 
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The significance of the difference between two corresponding means was 
determined from Sukhatme’s tables by means of the d test. The following 


probabilities were obtained: 


VECG VECG Cube 

Cube Tetrahedron Tetrahedron 
Oxy > .05 > .05 <.05 
<.01 <.01 >.05 


There was thus a significant difference between two corresponding means at 
or below the 5 per cent point in all but three instances. 

Regression formulas® were applied in an attempt to demonstrate an asso- 
ciation between corresponding QRS-T angles obtained with the three reference 
frames. An association of significance (P <.05 >.02) was found in only two 
instances: VECG and Cube @ and VECG and Tetrahedron Oxy. 


DISCUSSION 


A trigonometric method has been developed to calculate mathematically the 
angle between two spatial vectors, given the angular positions of the vector pro- 
jections on two mutually perpendicular planes. The end formulas and their 
derivations are given in the appendix. 

Based upon a method of vector analysis of routinely recorded 12 lead elec- 
trocardiograms, the statement has been made that, in normal subjects of any 
age (excluding perhaps elderly subjects), the spatial angle formed by the mean 
ORS and T vectors is usually less than 40° and rarely exceeds 50°.! It is of in- 
terest, therefore, that in our group of twenty normal subjects vector analysis of 
12 lead electrocardiograms by the method described herein has yielded spatial 
ORS-T angles exceeding 40° in eleven instances, 50° in five instances, 60° in four 
instances and 80° in two instances. The mean of the spatial QRS-T angles ob- 
tained with our VECG analysis of this small series is 43.4° with a standard devia- 
tion of 20.2°. It seems to us that the likely explanation for this discrepancy lies 
in the fact that the previous estimate, although based upon the same transitional 
zone technique, was not derived with the same application of trigonometric 
principles. However, it is possible that, if a diagram is substituted for our Fig. 2 
so that the precordial electrode positions are grouped in a rather small area, values 
of decreased magnitude might be obtained for the spatial QRS-T angle. It should 
be emphasized, however, that this would not obtain if a transitional point for 
either QRS or T were located to the right beyond V, or to the left beyond V.¢._ In 
such circumstances a compact placement of points V,; through V .¢ would cause the 
ORS-T angle to have an increased value. Moreover, our Fig. 2 is similar to the 


*The designation, VECG, is used to indicate the vector analysis of a 12 lead electrocardiogram as 
herein described. Since the areas of positive and negative deflections are used in determining the loca- 
tion of the transitional zones, this is a method of estimating the mean QRS and T vectors.! The analysis 
of the cube and tetrahedral vectorcardiograms by the method described yields an estimate of the largest 
QRS and T vectors. Although results obtained with the electrocardiographic analyses are therefore not 
strictly comparable to the results obtained with the vectorcardiographic measurements, it is felt that 
the comparison is of interest. 
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diagrams published by Duchosal and Grosgurin,'® based upon their extensive 
anatomic and vectorcardiographic studies, and also shows a close resemblance 
to Simonson’s recently published diagram," derived from a cross-sectional ana- 
tomic drawing. It is our opinion, therefore, that the previously suggested limit 
of normality' for the spatial QRS-T angle, obtained by vector analysis of a 
routinely recorded 12 lead electrocardiogram, is too low. Langner™ came to the 
same conclusion after vector analysis of a smaller selected group of electrocardio- 
grams, using a geometric model to facilitate estimation of the spatial angle. 

As mentioned in the introduction, there is little to justify an extensive 
analysis of the limits of normal for the angle between the largest spatial QRS and 
T vectors with any of the presently advocated vectorcardiographic spatial refer- 
ence frames until one is generally accepted by all workers, a contingency which 
seems unlikely at the present time. Moreover, the statistical analysis of our small 
series obtained with two commonly used reference frames, the cube and equi- 
lateral tetrahedron, suggests that data pertaining to this angle obtained with one 
are not comparable with data obtained with the other. 

There was no significant difference in the means of the angles between the 
transverse projections of the largest QRS and T vectors with the cube and tetra- 
hedral frames (11.4° and 16.2° respectively). However, the mean of the angle 
between the transverse projections of the mean QRS and T vectors determined 
with vector electrocardiographic analyses was much larger (51°) and undoubtedly 
accounts for the relatively large spatial angle obtained with this method. Whether 
this marked discrepancy is due to fundamental defects in the method of vector 
analysis of the electrocardiogram utilizing the precordial transitional zone, or 
whether it is due to abnormally shortened anterior-posterior components of both 
the equilateral tetrahedron and the cube systems, represents questions which 
cannot be answered unequivocally at this time. However, anatomical considera- 
tions would seem to place the electrical center of the heart somewhat anterior to 
the plane determined by the points of attachment of the extremities with the 
trunk. This would suggest that the correction factor for the anterior-posterior 
component, VB, should exceed 1.7, the value obtained mathematically when the 
tetrahedron is considered to be isosceles in form." It then follows that a correc- 
tion factor for VB of 1.2, derived for a tetrahedron of alleged equilateral configura- 
tion,'® may be a falsely low value. Moreover, Lamb and Dimond" have sug- 
gested that the angle, subtended by the electrodes comprising the anterior- 
posterior lead of the conventional cube frame, is too small. This angle is con- 
siderably increased in their modification of the cube, despite the fact that, in 
most instances, the electrodes forming their anterior-posterior lead are probably 
in satisfactorily remote positions. 

SUMMARY 


1. A trigonometric method is used for the calculation of the angle between 
any two spatial vectors, given the angular positions of their projections on two 
mutually perpendicular planes. The necessary formulas and their derivations 
are given in the appendix. 

2. A method is described for estimating the angle between the mean spatial 
QRS and T vectors from a 12 lead electrocardiogram. This method permits a 
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determination of the angular positions of the projections of the mean spatial QRS 
and T vectors on the transverse, as well as on the frontal plane; from these 
measurements the spatial angle may be calculated trigonometrically. 

3. The determination of the angles between the mean QRS and T vectors 
from 12 lead electrocardiograms of twenty normal individuals, age 18 to 57, sug- 
gests that the upper limit of normal previously given for this determination is too 
low. Some of the possible reasons for this discrepancy are discussed. 

4. Statistical study of the vectorcardiographic data indicates that there 
was a significant difference in the mean of the angles between the largest spatial 
and frontal QRS and T vectors obtained with the cube and tetrahedral reference 
frames. A significant association, as determined by regression, could not be 
demonstrated for either the spatial or the two planar angles obtained with these 
two systems. While these findings do not prove conclusively that a significant 
association might not exist if more cases were studied, it suggests that there 
would be difficulty in translating from one system to another in a given patient. 

The authors are indebted to Doctor Boris Podolsky, Professor of Mathematical Physics, 
University of Cincinnati, for his assistance in the mathematical aspects of this study. 


APPENDIX 


In the Cartesian coordinate system consisting of three mutually perpendicular axes, x, y, and 
z, the angle, @, formed by the intersection of two spatial vectors, V and V’, may be calculated if 
the angles formed by x, y, and z and the projections of V and V’ on any two of the three planes, 
xy, yz or zx areknown. In Fig. 1, given «xy, «x’y’, <yz and «y’z’, the derivation of the equations 
used in this paper for the determination of @ is as follows: 

Utilizing the trigonometric formula, cos A = b? + c? — a’, where a is the side opposite, and 


2 be 
b and c the sides adjacent to angle A, reference to Fig. 1 indicates that: 
V2 — W? 
cos 
2V\ (1) 
— x2 4+ y? + 2? (2) 
V2—x?+ y24 2” (3) 
W? — (x — x’)? + (y’ — y)?+ (z’ — z)? (4) 
2xx’ + 2yy’ + 222’ (5) 
cos @ 
2 VV’ 
COsex; cos“y; etc. 
V \ \ 
‘cos = cos®x cos«x’ + cos«y cos«y’ + cos«z cos«z’ (7) 
y* + = (8) 
x? y? 
tan’«x tan’«xy (1 + tan®*«xyz) (9) 
cot=x (cot«xy) (cos«yz) (10) 
tan*«y 
y? 
tan’«y — cot?«xy + tan®’«yz (12) 
cos«y = (cos«yz) (sin&x). (13) 
As in Equations (8) through (10), 
cot«z = (tan«yz) (sin«xy). (14) 
As in Equations (11) through (13) 
cos«y = (sin«xy) (sin«z) (15) 


which serves to check Equation (13). 
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Thus @ may be determined by utilizing Equations (10), (13) or (15) and (14) in conjunction 


with Equation (7). 
rhe relationships between «xy, «yz and «zx may be obtained from Fig. 1 as follows: 


y, Zz (16) 
cot™zx tan&xy tan*yz 

x x \ 
cot&zx (tan=xy) (tanxyz (17) 
(tanxyz) (tan«zx (18) 
cot*yz (tan«zx) (tan«xy (19) 


If desired, the values of the cosines of «x, «y, and «z for substitution in Equation (7) may be 


obtained directly from the following equations: 


sin=zx (20) 
v (sin’«zx) (tan’«xy) + 1 
sin=xy (21) 
(sin’«xy) (tan’«yz) + 1 
sin=yz (22) 


(sin’«yz) (tan’«zx) + 1 

rhe derivations of Equations (20), (21), and (22) will not be given here but may be obtained 
from reference to Fig. 1. Since the computations involved in their use are complex, we prefer the 
alternate method given above for the calculation of 32. 

Before calculating the absolute value of @, it is important to assign the proper signs to cos«x, 
cos“y, cos«z (and to cos«x’, cos«y’, and cos«z’). The signs of these functions may be determined 
from the signs of x, y, and z directly, since cos«x = x/V etc. V is considered to be positive in- 
variably. The signs of x, y, and z may be found from the quadrant of each of the three planes of 
the Cartesian coordinate system in which angles «xy, «yz, and «zx lie. Since x, y, and z each 
participate in the formation of two of these three angles, the signs of x, y, and z may be determined 


in two different ways as a check. 
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THE PROBLEM OF CALIBRATION IN HEART SOUND RECORDING 


I. LowELL Dunn, M.D., AND WALTER E. RAuM, Jr., M.S. 


OmAHA, NEB. 


HE importance of calibration is shown by comparing the progress of electro- 

cardiography and of heart sound recording. Both fields began at about the 
same time with Einthoven and Geluk’s adapation of the string galvanometer 
to physiologic purposes.! Electrocardiography progressed well in part because 
of (1) the small frequency spectrum involved in electrocardiographic recording, 
(2) the simple frequency characteristics of the first mode of the stretched string, 
(3) Einthoven’s instrumental ability, and (4) the absence of any alternative 
method for recording action currents until the electron tube era of much later 
date. All of these combined to provide an environment in which electrocardiog- 
raphy became standardized. This standardization was not in conventional 
physical units, but instead the string galvanometer itself became the standard. 
An actual specification of the frequency characteristics necessary for proper 
electrocardiographic recording was not agreed upon until 1947. When electronic 
amplification became available in the twenties, its adaptation to electrocardiog- 
raphy was not by designing an amplifier with specified frequency characteristics, 
since these were known only vaguely, but instead, by trial and error, the instru- 
ment was adjusted until the records resembled those made by the string gal- 
vanometer. This traditional acceptance of the string galvanometer as the 
standard even included the current convention of using the 0.04 second coordi- 
nate interval and the wide line trace, the latter a necessity with the string gal- 
vanometer because of the high optical magnification of the string. The wide 
line can be eliminated in amplifier electrocardiographs with definite improvement 
in readability and accuracy of the trace. When portable electrocardiographs 
were introduced there was a restriction in the high frequency characteristics as 
compared with the best instruments used by Einthoven and Lewis but this has 
been only rarely criticized to our knowledge, although our studies using accurate 
equipment with uniform response up to several thousand cycles per second 
showed more accurate amplitude measurements and a definite increase in detail.’ 
These unique conditions surrounding the development of electrocardiography 
permitted the widespread acceptance of a single instrument as a standard, and 
this sufficed to develop a widespread use of the electrocardiograph as an important 
clinical tool. 
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In contrast, heart sound recording even today has neither calibration in 
physical units nor does it have an instrument prototype which commands any 
widespread acceptance. Clinically, phonocardiography is not at all widely 
accepted, and its usefulness is usually confined to timing a murmur or a complex 
rhythm. We wish to discuss some of the difficulties that have delayed the develop- 
ment of the heart sound recording field. 

Earlier studies in phonocardiography were made with stethoscope chest 
pieces, rubber tubing, carbon granule microphones, and string galvanometers, 
or rubber diaphragm capsules fitted with small mirrors for optical deflection. 
To protect the microphone or the capsule from the more vigorous movements of 
the precordium a vent was placed in the tubing or the chest piece. This vent 
would, of course, critically alter the resonant characteristics of the partially en- 
closed air volume in a manner that was not predictable, aside from its attenua- 
tion of the low frequencies present. The combination of tubing with different 
lengths, vents, and diaphragms of varying rigidity and elastic qualities effectively 
eliminated any hope of calibration. Besides, suitable sources of sound for cali- 
bration purposes were not available until the development of vacuum tube 
oscillators. 

In 1924, Frederick and Dodge showed clearly the futility of utilizing the 
stethoscope or its components as part of a scheme to produce standardized 
records.’ Figure 1, reproduced from their article, shows the frequency charac- 
teristics of an open bell stethoscope, the input frequency being held at a constant 
amplitude level. Figure 2, also from Frederick and Dodge, shows the frequency 
characteristic of the amplifier and recording system with the stethoscope re- 
moved. The marked distortion produced by the stethoscope is apparent, but it 
should be emphasized that the vertical scale for the two figures is in transmission 
units, i.e., a logarithmic scale. Thus the open bell stethoscope transmits sound 
ten times better at 200 cycles per second than at 100 cycles per second, and at 
about 260 cycles it transmits several hundred times better than at 100 cycles 
per second. Similar curves were published by Rappaport and Sprague in 1951 
and have been obtained by us.*- These very marked variations in output and the 
numerous peaks in output are due to the fact that the stethoscope belongs acous- 
tically to the group of open or closed pipes; the peaks are resonant harmonics 
depending upon the length, volume, and other characteristics of the tubing and 
chest pieces. The position of the peaks and the amplitude of transmission are 
affected by varying these factors. When one recalls the lack of uniformity in 
stethoscope design and then couples this with the variation in individual audio- 
grams, it is not surprising that the stethoscope has become a highly personalized 
instrument and that stethoscopy is usually classed with the art of medicine. 

Frederick and Dodge recognized the errors inherent in stethoscopic devices 
and stressed the importance of placing the sensitive element of the microphone 
in direct contact with the flesh of the patient. ‘‘The transmitter (microphone) 
construction provides efficient transfer of vibrational energy from the flesh or 
bony framework of the body to the vibratory steel element. It provides a means 
for coupling which serves as a mechanical transformer for body sound energy and 
avoids an abrupt change in the path of the waves and large attendant losses by 
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reflection. The system is highly damped and minimizes the distortion of the 
sounds of interest." This seemingly basic principle was adopted in part by 
Mannheimer and some others but is not used at all universally in heart sound 
recording.® Rappaport and Sprague have in general used various chest pieces so 
that the precordial vibrations were conducted to the sensitive element of the 
microphone through air chambers of various capacities and shapes. In some 
cases these chest pieces were for the purpose of providing acoustic resonance of 
certain desired weak sounds. Such chest pieces, when the volume is sufficiently 
small so that resonance does not occur at the frequencies being studied, act as 
simple attenuators, but when utilized for resonant amplification they introduce 
the same complexity in response illustrated in Fig. 1. Hence, their use interferes 
with the problem of standardization in physical units, and standardization occurs 
only when a specific design is widely adopted. At the present time, amplifier 
design eliminates the need to resort to acoustic resonators since ample amplifi- 
cation can be obtained by electronic means. Johnston and Overy® used air 
transmission in their method but at the low frequencies studied acoustic resonance 
would not be involved. They did not describe their calibration technique which 


should include the variation in response with frequency. 


The frequency range necessary for heart sound recording has not been deter- 
mined completely. Our studies in 700 cases using equipment which separated 
the vibrations into three frequency: zones are in accord with Frederick and 
Dodge's early observations using selective filters. These studies indicated that 
the upper limit was in the region of 1,000 cycles per second.’ This is a much 
higher frequency than most string galvanometers and oscillographs will respond 
to, accurately. Williams’ made a careful study of the design problems in string 
galvanometers, and instruments with frequency responses up into the range of 
thousands of cycles per second were made but never had any widespread usage 
because of cost and the development of electronic amplification. Both string 
galvanometers and oscillographs, being stretched-wire or tension types of instru- 
ments, have frequency curves which are uniform over only limited ranges. These 
ranges vary markedly with design. Curves of this class of instruments were 
illustrated in a previous discussion by us on electrocardiography.? This class of 
recorders has been used widely in phonocardiography and introduces a further 
complication in standardization because of frequency limitations and resonance 
phenomena. These difficulties are eliminated by the use of cathode ray recording 
systems. 

An important part of the difficulty in standardization of visual heart sound 
records is confusion as to objectives. Frederick and Dodge constructed an 
instrument to accurately record vibrations (Fig. 2) and then knowingly added 
the distortion necessary to make the result similar to the stethoscope (Fig. 1). 
There is a widespread impression that a heart sound when recorded for visual 
observation should be a visual pattern of what is heard. Superficially this does 
not seem unreasonable but the concept will not stand analysis if the objective 
is to provide a record that is standardized or widely acceptable. Some of the 


difficulties are as follows: (1) There are marked variations in even the normal 
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range of hearing. The so-called normal audiogram is a smoothed curve of thou- 
sands of hearing tests. Individual audiograms differ markedly, even as high as 
20 decibels. As Fletcher states, “‘It is thus seen that each person has a hearing 
acuity which is peculiar to himself.’"* These marked variations in individual 
acuity make the smoothed audiogram a poor reference standard. (2) The 
clinician often accepts his stethoscope as being a norm but there is no such thing 
as a standard stethoscope. In addition to the difficulties discussed with reference 
to Fig. 1 the tightness of the fit of the earpieces affects the attenuation, particu- 
larly the low frequencies. The diaphragm types of stethoscopes introduce added 
variables depending upon the size, thickness, elasticity, and damping due to 
the nature of the diaphragm and the manner in which it is applied to the chest. 
(3) Wever and his associates’ studies on distortions of hearing at low frequencies 
should be stressed. They showed that when the ear drum is subjected to low 
frequency oscillations in the form of a sine wave of high purity that distortion 
occurs in hearing tests in the human and in the cochlea nerve potentials of the 
guinea pig. These distortions were interpreted as clicks and noises, descriptions 
akin to split first sounds, impure first sounds, and short murmurs. Although 
the distortion increases with intensity it is present for low tones even at moderate 
levels of stimulation.’ A recent stethoscopic amplifier that is commercially avail- 
able was considered superior because of the increased number of split first sounds 
that could be heard. Our visual records made with accurate equipment show the 
lower frequency components characteristic of the normal first heart sound and 
provide support for stating that a significant portion of the characteristics that 
make up the first heart sound as heard with the stethoscope may be due to aural 
distortion. This concept has been of value in the loudspeaker demonstration of 
heart sounds for classroom use since it implies the importance of large cone 
speakers with good low frequency output, the careful selection of low frequencies 
in the filtering system, and the arrangement of speaker and students in such a 
manner that the zone of acoustic radiation is properly placed. Excess low fre- 
quency, however, produces a booming component. Other arguments could be 
presented, but they add up to the point that standardization designed around 
the stethoscope or an aural standard involves too many arbitrary assumptions 
to be practical. 

If we look at heart sound recording as a problem in vibration recording, 
there are two immediate advantages: (1) we are making a direct measure of 
mechanical forces, i.e., the direct result of cardiodynamics of which sound is a 
derivative, and (2) standardization can be obtained in physical units, i.e., force, 
length, time. Elsewhere we have discussed the practical design of the piston- 
phone and its application to microphone calibration.'‘° This provides an inde- 
pendent and absolute source for calibration. The operation of the pistonphone 
is time consuming and requires considerable skill but rapid and highly stable 
secondary calibrators can be constructed using a telephone receiver as a source 
of vibration, the diaphragm substituting for the oscillating piston. These are 
calibrated by substitution. If use is made of an audio oscillator to drive the 
receiver and a milliameter adjusted with a proper series resistor, the meter can 
be made to read directly in dynes per square centimeter. The stability of such an 
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assembly is of the same order as that of the meter so that this combination pro- 
vides a method for (1) studying the accuracy of heart vibration and sound re- 
cording equipment, and (2) setting heart sound equipment to any desired and 
reproducible sensitivity." 

With the calibrating equipment summarized we have studied seven crystal 
microphones over a period of two years and determined (1) frequency response, 
(2) uniformity in operation, (3) changes in sensitivity and capacity, (4) varia- 
tions with temperature, and (5) effects of aging.'' Since the curve shapes were 
essentially identical below 1,000 cycles per second for the seven microphones, 
Fig. 3 illustrates the curve of one microphone. Above 1,000 cycles the curves 
vary somewhat and in the region of 1,500 cycles and above there is a series of 
maxima associated with details of design and mounting. These curves agree 
with analagous data furnished by the manufacturer but differ from Mannheimer’s 
graph in the 300 cycle range, the deviation being interpreted by us as associated 
with resonance phenomena in the pistonphone assembly. It deviates widely 
from the notation on frequency response for this type of microphone by Frost.”:" 
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Since the present calibration technique has been available we have been 
using three microphones simultaneously for studying different areas of the pre- 
cordium."* The microphones, having the same shape of frequency curves, needed 
to be standardized at only a single frequency, usually 100 cycles per second. 
This can be done in less than a minute per microphone, and the net result is a 
record reading in so many dynes per centimeter deflection on the finished record. 
This converts phonocardiography from being an adjunct to the stethoscope into 
the field of vibration studies and makes a practical tool for the study of cardio- 
dynamics. A vibrational approach was implied in several reports by Smith and 


associates but was not further developed.” 
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The idea of ‘“‘Total Vibrations,’ as suggested by Kountze, being recorded 
on a single tracing is somewhat misleading. The combination of a crystal micro- 
phone such as the type we have studied, a resistance-capacity amplifier with 
a uniform response to frequencies from 10 to 1,000 cycles per second, and a cathode 
ray tube for recording can be made to respond uniformly to all vibrations over a 
wide range of frequencies but this will not suffice for heart sound recording. The 
slower vibrations of the heart have a large thrust as compared with the much 
finer movements at higher frequencies. If the amplifier is adjusted to give a 
desirable amplitude trace of the lower frequencies, then the higher frequencies 
will not be of sufficient amplitude to be visible on the trace. If the amplifier is 
adjusted to show the higher frequency components, then the low frequency com- 
ponents will block the amplifier or result in overshooting. For the study of a 
particular portion of the frequency spectrum electric filters are necessary. A dis- 
cussion of electric filters is too technical to include here, but several points should 
be stressed. There are two broad classes of electric filters, (1) those made up with 
combinations of inductance and capacity, and (2) those utilizing combinations of 
resistance and capacity. The first class is widely used in the communications 
industry where by proper design they can be made to respond to a very narrow 
band of frequencies, i.e., be highly selective. Fundamentally, they are resonating 
circuits and are designed to have a selected frequency response range. If not 
critically damped, they have the defect of ‘ringing’ and any sufficiently strong 
signal will start them oscillating. The period of oscillation is not necessarily the 
frequency of the incoming signal but the natural period of the filter. This is the 
same problem of resonance discussed earlier in connection with stethoscope at- 
tachments, string galvanometers, and oscillographs, and a study of many pub- 
lished phonocardiograms shows that resonance and ringing have not been avoided. 
The critical damping of these circuits minimizes this resonance effect but with 
some loss of selectivity or sharpness. Such filter circuits are well adapted to 
isolate narrow bands for the study of steady state vibrations, but the time re- 
quired for build-up and decay, even when critically damped, makes them poor 
systems for studying transients such as occur in the heart cycle. In contrast, 
the second class of filters has no natural period, and hence ringing and resonance 
are no problem. The character of the heart vibrations being aperiodic in occur- 
rence is well suited to the use of this type of filter since the lower frequencies of 
the heart sound have high energy value, and the energy content becomes less as 
the frequency is increased. Hence, the problem is the simple one of designing 
high pass filters to cut off varying portions of the lower frequencies. Since no 
filter has an abrupt cutoff any careful analysis of the intensity at a specified 
frequency requires a knowledge of the output curve of the recording system used. 
At the present time to record adequately the range of frequencies present down 
to about 10 cycles per second requires three frequency bands. Fewer bands 
than this can result in a failure to record sounds of known clinical importance, 
e.g., interauricular septal leaks or the diastolic murmur of mitral stenosis. 
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BERIBERI HEART DISEASE 


AARON BURLAMAQUI BENCHIMOL, M.D., AND PAUL SCHLESINGER, M.D. 


Rio DE JANEIRO, BRAZIL 


HE clinical syndrome of beriberi heart disease has been well established 

since the classical descriptions of Aalsmeer and Wenckebach'*, Keefer? and 
Shimazono’ in the Orient, and the reports of Weiss and Wilkins* among others 
who studied the cardiovascular manifestations of this disease in the western 
hemisphere. 

Notwithstanding the fact that the occurrence of cardiac beriberi now is well 
recognized in several countries, it still is described among the rare types of heart 
disease in most of the modern textbooks of cardiology.*-* However, in view of our 
experience in this country, we have reason to believe that it is not such an un- 
usual condition and that the apparent infrequency of beriberi heart disease is 
due to the fact that many cases are not recognized as such and are often con- 
fused with other more common and well-known types of heart disease. 

During a three-year period, since our attention was directed to this problem 
we have identified a series of twenty-two patients with beriberi heart disease, 
including occasional instances in which other associated etiologic factors were 
encountered. 

As a result of the well-documented observations reported by Weiss and 
Wilkins‘ in the United States, it was pointed out that the clinical picture of 
cardiac beriberi in this hemisphere frequently differed considerably from the 
classical syndrome originally described in the Orient. Thus, right-sided heart 
failure was not a common occurrence as an isolated finding but was associated 
usually with signs and symptoms of left ventricular insufficiency such as dyspnea, 
orthopnea, and cardiac asthma. Furthermore, the frequent absence of the 
hyperkinetic circulatory syndrome, which is considered so highly characteristic 
of beriberi heart disease in the Orient, deprives the physician of one of the im- 
portant diagnostic features of this condition. Under these circumstances it is not 
surprising that such cases are often misleading, since they so closely resemble 
other more common types of degenerative heart disease. These findings led to 
the establishment of less rigid criteria for the diagnosis of beriberi heart disease"! 
in which the role of chronic alcoholism was particularly emphasized as the main 
cause of the vitamin deficiency.‘| In the last two decades a number of reports 
have appeared in the literature, as a result of which most clinicians have become 
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well aware of the cardiovascular manifestations of beriberi notwithstanding the 
considerable lack of uniformity of the clinical syndrome. The importance of 
beriberi heart disease in Brazil was recognized since the early papers of Silva 
Lima® and others,'®'® published almost one hundred years ago, and confirmed 
by a number of recent reports on this subject.~® 

Our observations include twenty-two cases which have been followed for 
periods varying from a few weeks to almost three years. It is our purpose in this 
paper to present the pertinent findings in these patients and to describe the 
clinical syndrome of beriberi heart disease as we have observed it to occur in 
this country. 

Etiology.—Whereas thiamin deficiency among the oriental populations is 
due usually to an inadequate diet, most cases of beriberi heart disease in this 
hemisphere occur as a result of chronic alcoholism. All our patients were heavy 
drinkers, and only 50 per cent had a history of an associated dietary deficiency. 
However, there was no evidence of malnutrition in any instance, because of the 
high caloric content of the alcoholic beverages which were consumed. Since the 
incidence of chronic alcoholism is far greater than that of beriberi heart disease, 
it is evident that other associated factors such as physical exertion, infectious 
diseases, thyrotoxicosis, pregnancy and so forth must also play a role. At any 
rate the so-called alcoholic myocarditis, which was formerly believed to be due 
to the direct effects of alcohol on the heart, is not accepted by the most recent 
investigators. The excessive intake of alcohol predisposes to beriberi by inducing 
thiamin deficiency which is the primary factor in this condition. That alcohol 
does not play a direct role in this disease has been proved by the complete reversal 
of the clinical picture following the administration of large doses of thiamine 
to patients who maintain their usual intake of alcohol.‘¢ Furthermore, many 
cases have been observed in which the development of cardiac failure occurs for 
the first time, following a period of several weeks or even months of total absti- 
nence from alcohol.*® This is usually seen in individuals with digestive dis- 
turbances which undoubtedly maintain the thiamine deficiency. In two of our 
patients (Cases 2 and 19) we were able to note that the onset of heart failure 
occurred one and two years, respectively, after they had refrained almost com- 
pletely from the use of alcoholic beverages which were previously consumed in 
large quantities. All our patients were apparently well nourished because of the 
high caloric intake provided largely by alcohol; this presumably compensated 
for the poor dietary regimen in a considerable number of cases. Since the thia- 
mine requirements of the human body are dependent upon the total caloric intake 
and the carbohydrate content of the diet, an increase in the latter predisposes to 
beriberi by increasing the metabolic demands for vitamin B,.'7 This has been 
proved by the consistently unsuccessful attempts to induce experimental thiamine 
deficiency in pigeons deprived of this vitamin and fed on diets consisting pre- 
dominantly of fats rather than carbohydrates.'* Although the excessive intake 
of alcohol increases the body requirements for thiamine, the caloric content of 
the diet is maintained at a high level. This affords an explanation for the dimin- 
ished appetite of these patients, aggravated by the associated gastrointestinal 
disturbances which in turn decrease the absorption of thiamine. In addition, 
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the frequent involvement of the liver in these patients causes a further disturb- 
ance in the storage and utilization of vitamin B,. It is well known that this vita- 
min represented by thiamine pyrophosphate or diphosphothiamine is an ester of 
pyrophosphoric acid, functioning as a coenzyme (cocarboxylase) in carbohydrate 
metabolism. Thus, vitamin B, leads to the disintegration of pyruvic acid which 
is derived from lactic acid. The decarboxylation of pyruvic acid is catalyzed by 
specific protein enzymes in the presence of this cofactor designated as diphospho- 
thiamine. This “prosthetic group’ (protein enzyme and cocarboxylase) acts 
upon the pyruvic acid which undergoes oxidation or utilization in other metabolic 
processes. Lactic acid is continuously transformed or disintegrated, while an 
excess of pyruvate inhibits the dehydrogenation of this substance. In thiamine 
deficiency, pyruvic acid accumulates in the tissues and can be used as a clinical 
test for thiamine deficiency. It has been claimed, however, that the increase 
in blood pyruvic acid levels is not a specific finding in this type of vitamin de- 
ficiency. Several tests of greater diagnostic value have been recently proposed 
and are based upon the determination of the blood levels of pyruvic and lactic 
acids after the administration of glucose, followed or not by exercise. 


Sex.—All our patients were men, notwithstanding the fact that patients of 
both sexes were admitted to the medical services in which these observations were 
carried out. This is probably explained by the fact that chronic alcoholism is 
comparatively rare among women in Brazil. 

A ge.—The great majority of our patients belonged to the younger age groups, 
largely between 30 and 40 years of age, with a single exception (Case 12) of a 
52-year-old patient in whom pathologic examination ruled out the possibility of 
coronary sclerosis. 

Occupation.—All but six of our cases were engaged in employments associated 
with great physical exertion. Thus, the thiamine requirements were increased, 
thereby precipitating the development of beriberi heart disease. 

Clinical Features.—Since the signs and symptoms of cardiac beriberi vary 
considerably with the severity of the disease and the type of cardiovascular dys- 
function, we shall attempt to outline our general impression of the clinical picture 
according to the series of cases which we have observed personally. 

Dependent edema was the most striking feature and was present as an 
initial sign in all but two patients (Cases 12 and 21). In fourteen cases edema of 
the lower extremities occurred for several weeks as the only manifestation of the 
disease, whereas dyspnea appeared simultaneously in six instances. Paroxysmal 
dyspnea followed by orthopnea occurred as an isolated initial symptom in two 
cases. However, the majority of our patients complained of varying degrees 
of dyspnea either in the early stages associated with other symptoms, or later in 
the course of the disease. 

Clinical or roentgenological signs of pulmonary congestion were observed 
in nineteen cases. It is evident, therefore, that signs of left ventricular failure 
were present in most of our patients. This observation seems to confirm the 
opinion of Weiss and Wilkins,*®*° concerning the occidental form of beriberi 
heart disease, in which isolated right ventricular insufficiency was an unusual 
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finding. Only five patients in this series had ascites which attained considerable 
proportions in Case 8. Pleural effusion was an equally rare finding and occurred 
as a right hydrothorax (Fig. 1) in three patients. The above mentioned mani- 
festations, in addition to hepatomegaly which was found in all our cases, were 
largely attributed to the presence of congestive heart failure. Since hypopro- 
teinemia has been considered as one of the possible causes of edema, the serum 
protein levels were obtained in thirteen instances and were found to be lower 
than 6 Gm. per cent in six cases. However, no correlation could be established 
between these findings and the degree of clinical edema. Although hypopro- 
teinemia has been reported as a common occurrence in beriberi'!»-” it probably 
does not play a major role as a cause of edema, since the latter frequently dis- 
appears entirely without a corresponding change in the serum protein concen- 
trations. A residual hepatomegaly remained in four of our patients following full 


Fig. 1 (Case 22). L.A.A.)—The initial roentgenogram shows an increased heart shadow with 


signs of pulmonary congestion and a right-sided pleural effusion. Two weeks later, after thiamine treat- 
ment, there is a marked decrease in heart size and disappearance of the pre-existent right hydrothorax. 


recovery from congestive heart failure. This finding was interpreted as due to 
an incipient cirrhosis of the liver and was still evident one year later in Cases 6 
and 16 who were otherwise in excellent physical condition. Only three of our 
patients complained of palpitations, which was quite a low incidence as com- 
pared to other reports in the literature. Cyanosis was equally uncommon and 
of a mild degree, occurring in less than one-third of our series. 

Cardiac auscultation revealed soft apical systolic murmurs (Grades 1 or 2) 
in the majority of our cases and were interpreted as evidence of functional mitral 
insufficiency, since they decreased considerably or disappeared entirely, following 
cardiac compensation. Diastolic murmurs of a slight degree were heard in four 
patients, one of whom (Case 17) had an associated congenital deformity of the 
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pulmonary valve. Although the possibility of aortic insufficiency was suggested 
in these cases, it was completely ruled out by the autopsy findings in one instance 
and by the disappearance of the diastolic murmur in the others, following clinical 
improvement. Another common finding was a transient gallop rhythm during 
the period of heart failure. The majority of our patients had an accentuated 
pulmonary second sound which was reduplicated in six instances. Tachycardia 
was present almost always, the heart rate being over 90 in all but six patients. 
A typical water-hammer pulse occurred in only three cases of our series. <A 
transient bradycardia, associated with other signs of vagal activity such as 
hypersensitive carotid sinus reflex, was present occasionally during convalescence. 

The blood pressure variations in cardiac beriberi have been previously empha- 
sized? and cases have been reported with normal, elevated, or low blood pressures. 
An increased pulse pressure is a common finding, particularly in the advanced 
forms of the disease (five patients in this series) and seems to be due to a dimin- 
ished vascular tonus leading to peripheral vasodilatation. Diastolic pressures 
of zero have been reported as frequent occurrences in oriental beriberi heart 
disease.'* In one of our patients (Case 16) whose initial blood pressure was 
170/70 mm. Hg we were able to observe the development of a mild diastolic 
hypertension: 160/110 mm. Hg (Fig. 2), following cardiac compensation. This 
case was discharged with the presumptive diagnosis of beriberi heart disease 
associated with essential hypertension. This initial impression, however, was not 
confirmed since a subsequent revision revealed a blood pressure of 136/96 mm. 
Hg with complete normalization of both radiologic (Fig. 3) and electrocardio- 
graphic changes. A transient hypertension during congestive heart failure was 
not an infrequent finding in our cases of beriberi heart disease, some of which 
remained at hypertensive levels for several weeks after the subsidence of all other 
cardiovascular manifestations. Ten of our twenty-two patients showed signs 
of rapid circulation as judged by the circulation times; however, only five of these 
had typical hyperkinetic syndromes with an increased pulse pressure, a botinding 
pulse, a normal circulation time in the presence of congestive failure and in- 
creased cardiovascular pulsations on fluoroscopic examination. Venous pressure 
determinations performed in eighteen cases were found to be markedly elevated 
in all instances with the exception of Case 10 who had a venous pressure of 13 cm. 
on admission which later decreased to 8 cm. following cardiac compensation. 
Arm-to-tongue circulation times were carried out in all of our cases. Values above 
15 seconds were found in eleven patients, four of which showed markedly pro- 
longed circulation times, whereas in the remaining seven it was below 20 seconds. 
In the other eleven patients which comprised 50 per cent of our series, circulation 
times were found to be well within normal limits during the stage of congestive 
heart failure. Since this has been considered a classical finding in beriberi heart 
disease as reported by others!-**! it is interesting to note that it was absent in one- 
half of our cases. 

Polyneuritis was a most frequent finding, since it was observed in twenty 
patients. In five of these, the neuritic manifestations were of a mild degree, 
whereas in fourteen cases they were quite evident. No cases were observed of the 
more severe forms of polyneuritis. Three cases showed signs of pellagra with 
associated glossitis and cheylitis in one instance. There were three cases of 
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anemia, of which two were mild forms, whereas the third (Case 10) showed a 
more severe degree of this condition. 

The clinical manifestations which we have just described are usually suf- 
ficient to suggest the diagnosis of beriberi heart disease, particularly if the patient 
happens to be a chronic alcoholic. It is evident, however, that the roentgenologic 
and electrocardiographic changes, as well as the therapeutic effects of thiamine, 
are far more significant diagnostic features of this type of heart disease. 
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Fig. 2 (Case 16) 8.G.C, Diagrammatic representation of the clinical course of a patient with 
cardiac beriberi, showing the initially wide pulse pressure which subsequently decreased following marked 
diuresis and weight loss, as a result of bed rest and parenteral administration of vitamin B,. 
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Fig. 3.—Same case as Fig. 2. (S.G.C.), showing complete normalization of a markedly enlarged 
heart. A definite decrease in the cardiac area occurred initially after one week of thiamine treatment 
and became more evident in the course of prolonged medication, 
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The roentgenologic findings in cardiac beriberi are not typical, although 
a reduction in heart size following a favorable response to thiamine treatment is 
included among the important features of this condition. In the Orient it has been 
repeatedly emphasized that cardiac enlargement was due largely to dilatation 
of the right chambers'*°” with a prominent pulmonary conus which simulated 
either mitral stenosis or an aneurysmal dilatation of the pulmonary artery.'! In 
the Occident, however, these roentgenologic features were not observed usually, 
since left ventricular enlargement as well as signs of pulmonary congestion were 
equally present in most instances.*:”-*3.5 Most of our patients exhibited cardiac 
enlargement with or without roentgenologic signs of pulmonary congestion. 
Nine patients (Cases 1-3, 6, 7, 14, 16, 19, 22) were discharged with normal heart 
size. Five of these cases showed marked cardiac enlargement on admission, 
whereas the remaining four were only slightly above normal limits. Figures 1, 
3, 4, and 5 illustrate typical examples of a reduction in heart size following thia- 


Fig. 4 (Case 1).—(G.S.N )—Roentgenologic signs of predominant right chamber enlargement in 
addition to hilar congestion, preceding vitamin administration. Notwithstanding the fact that the 
patient did not submit to bed rest or salt restriction, there was a marked decrease in heart size after 


three weeks of thiamine treatment. 


mine medication. With the exception of Fig. 5, roentgenologic signs of pulmonary 
congestion and increased hilar shadows can be observed clearly in addition to a 
right hydrothorax in Case 22 (Fig. 1). Figure 4 is our only case of predominant 
enlargement of the right cardiac chambers, and Fig. 5 is another isolated example 
in our series of a prominent pulmonary conus which disappeared following clinical 
improvement. It should be noted, however, that cardiac enlargement is not 
always completely reversible and even those who consider the roentgenologic 
reduction in heart size as one of the main diagnostic features of beriberi heart 
disease* observe that this may fail to occur in the advanced stages of thiamine 
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deficiency. Thus, cardiac dilatation may be only partially reversible or com- 
pletely irreversible according to the degree and the duration of myocardial in- 
volvement. Such cases are due to long-standing interstitial edema and hydropic 
degeneration which eventually lead to myocardial fibrosis. These instances of 
chronic cardiac beriberi often simulate other types of heart disease such as coro- 
nary sclerosis.2’ In five of our patients (Cases 5, 8, 10, 13, and 15) with pre- 
dominant left ventricular enlargement there was only a partial reduction in 


Fig. 5 (Case 19).—(S.O.R.)—Moderate cardiac enlargement with a prominent pulmonary conus in 
the right anterior oblique position, in addition to left ventricular hypertrophy. The lung fields are clear, 
After two weeks of thiamine treatment the heart size is normal with complete disappearance of the 
prominent pulmonary conus. 


heart size after thiamine medication. Fluoroscopic studies were carried out in 
seven cases, three of which exhibited typical signs of a hyperkinetic cardiovascular 
syndrome as shown by the ample pulsations of the cardiac contour. 
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The electrocardiogram frequently reveals definite abnormalities indicating 
myocardial damage. Although these changes are nonspecific, their disappear- 
ance following thiamine treatment constitutes an important diagnostic and 
prognostic feature of cardiac beriberi. In the initial publications'??° the 
electrocardiographic changes were mentioned as being either slight or nonexistent. 
Subsequently, however, it has been shown repeatedly that these graphic ab- 
normalities are encountered frequently in cases of beriberi consisting mainly in 
changes of the T wave, of the QRS complexes and of the Q-T interval.4: + 7!,°6.29-38 
Experimental studies on thiamine deficient rats**** and dogs*® revealed electro- 
cardiographic changes which resembled closely those recorded in human obser- 
vations. Electrocardiograms were obtained in all our patients, including serial 
tracings in eighteen patients. Regular sinus rhythm occurred in all but one case 
(21) in which the presence of ventricular premature beats was attributed to 
digitalis. The absence of significant arrhythmias has been previously emphasized 
in this condition,':''*7 although Weiss and Wilkins! mention auricular and ven- 
tricular premature beats in a small percentage of their cases. Normal tracings 
were recorded in two patients of our series (Cases 7 and 14) one of which had 
only a single electrocardiogram limited to the standard leads. 

Most authors? have called attention to the occurrence of 
reversible T-wave changes, such as flattening or inversion of this deflection, as the 
main electrocardiographic abnormalities in beriberi heart disease. Low voltage 
of the T waves was observed in five of our patients (Cases 1, 4, 9, 10, and 17) 
either as an isolated abnormality or associated with a decrease in the amplitude 
of the QRS complexes illustrated in Fig. 6. In this case a definite increase in 
voltage was apparent after three weeks of thiamine medication. One year later, 
however, the T waves were peaked and showed a further increase in amplitude 
which was not an uncommon finding in most cases with a favorable clinical out- 
come. It is important to recognize that some cases of beriberi heart disease do not 
show a complete normalization of the electrocardiogram after appropriate therapy, 
and that this should not necessarily rule out the diagnosis of vitamin B, deficiency. 
In Case 9, for instance, (Fig. 7), the QRS and T-wave abnormalities remained 
unchanged after eight days of intensive thiamine medication. This patient died 
on the eleventh day of admission in advanced congestive heart failure and had 
necropsy confirmation of the clinical diagnosis of cardiac beriberi. The occur- 
rence of T-wave inversion of variable degrees has been observed by a number of 
investigators in this type of heart disease.'!:'?°*25.55.39.4° Some authors** reported 
this finding only in far advanced cases. Inverted T waves were recorded in three 
patients of our series (Cases 3, 8, and 13). In Case 3 (Fig. 8) there was a slight 
T-wave inversion in Lead aV,, which became progressively less marked in serial 
tracings with subsequent normalization. This patient had a mild form of cardiac 
beriberi, notwithstanding the previously mentioned observations** that T-wave 
inversion occurs predominantly in severe cases of thiamine deficiency. The 
remaining two patients showed acutely inverted T waves, suggesting myocardial 
ischemia. In spite of the severe circulatory condition in both cases, the T waves 
reverted to a normal configuration following clinical recovery. In Case 8 (Fig. 9) 
the T waves became progressively more inverted during the stage of clinical 
improvement, a fact which has been previously emphasized by several 
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Electrocardiographic signs of left ventricular hypertrophy occurred in eight 
patients, four of whom showed associated T-wave changes. In Cases 3, 8, and 
13 the T-wave abnormalities were thought to be of the primary type since there 
was complete normalization after the administration of vitamin B,. It is inter- 
esting to note that the tall R waves remained unchanged or decreased very 
These 


slightly (Case 8) indicating a persistent left ventricular enlargement. 
that 
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Three weeks later a definite increase in amplitude of all deflections is evident. 


6 (Case 4).—-(J.V.C.)—-Low voltage of the QRS complexes and flattened T waves in all leads. 


The last tracing taken one 


Fig. 


year later shows very tall, peaked T waves both in standard and precordial leads. 
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hypertrophy, since they both determine the same pattern in precordial leads. 
Because of the persistent signs of left ventricular hypertrophy in the electro- 
cardiogram (Fig. 8), it may be difficult occasionally to distinguish these cases 
from hypertensive heart disease, particularly in the presence of transient arterial 
hypertension, which is not an uncommon occurrence in beriberi heart disease. 
Conduction defects do not usually occur,'** although a small number of isolated 
cases of doubtful interpretation have been published in the literature."'' Experi- 
mentally, however, transient bundle branch block has been produced in chroni- 
cally thiamine deficient rats.“ In Case 21 the electrocardiogram revealed a com- 
plete left bundle branch block of the unusual type, with right axis deviation 


Fig. 7 (Case 9).—(A.F.)—-Low voltage of the QRS complexes and T waves in all leads. The tracing 
remained unchanged after eight days of intensive thiamine treatment. 
(Fig. 10). This patient was a 33-year-old man with a history of chronic alco- 
holism. The clinical diagnosis of cardiac beriberi was considered improbable in 
the presence of the conduction disturbance, of isolated left ventricular failure for 
several months as well as an initial episode of precordial pain.*? At autopsy, 
however, the presumptive diagnosis of coronary sclerosis was entirely excluded, 
and the histologic picture was consistent with beriberi heart disease. 
An interesting observation from the electrocardiographic standpoint is the 
improvement”’ after 


fact that apparently normal tracings may show subsequent 
thiamine treatment. This was observed in three cases of our series (Cases 1, 6, 
and i9). Conversely, the T-wave inversion may become more marked as the 
patient improves clinically (Cases 2, 8, and 15) as illustrated in Fig. 9. 
Diagnosis.—The diagnosis of beriberi heart disease is quite evident in the 
presence of the classical hyperkinetic syndrome associated with predominantly 
right-sided congestive heart failure. However, in the absence of a rapid circula- 
tion and in the presence of left-sided heart failure the clinical picture may resemble 
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Fig. 8 (Case 3).—(R.G.F.)—The first record shows inverted T waves in Leads 7 and V1, in addition 
to signs of left ventricular hypertrophy in the precordial leads. Nine days later, the T waves have 
become isoelectric in Leads J and V1, positive in Lead V5, and of increased amplitude in Leads Veand V4. 
The tall R waves are still evident in the left precordial leads. 
malization of the T-wave changes. 
the T waves. 


The third tracing reveals apparent nor- 
However, the last record shows a further increase in amplitude of 
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Fig. 9 (Case 8 C.O.8.)—The first electrocardiogram shows signs of left ventricular hypertrophy 
with flattened T waves in standard and left precordial leads. Twenty days later during convalescence 
from a severe bout of heart failure, the T waves have become inverted. Notwithstanding clinical im- 
provement, the third tracing shows more acute T-wave inversion, with increased amplitude of the 
R waves in Leads V4 and V Subsequent tracings reveal progressive disappearance of the T-wave 
changes with signs of persistent althcugh mederate left ventricular hypertrophy. 
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other more common types of degenerative heart disease, caused by hypertension 
or coronary sclerosis. It is important, therefore, to emphasize the significant 
diagnostic features of cardiac beriberi which may be summarized as follows: 
(1) a history of chronic alcoholism; (2) the presence of other signs of thiamine 
deficiency such as peripheral polyneuritis; (3) the lack of other etiologic factors 
of heart disease; (4) the favorable results of thiamine medication. 

Although some of these features may occasionally be absent in the unusual 
cases of beriberi heart disease, the total clinical picture is sufficiently characteristic 
in most cases to lead to the correct diagnosis. 


Fig. 10 (Case 21 (D.V.)-——-Complete left bundle branch block with right-axis deviation. This 
case had autopsy confirmation.?7 
Clinical Course and Prognosis.—These are extremely variable, according to 
the degree and the duration of thiamine deficiency. Thus, chronic untreated 
thiamine deficiency may lead to progressive and irreversible changes in the heart 
muscle. The occurrence of other associated factors of cardiac disease constitutes 
aggravating conditions and‘usually determines an unfavorable prognosis. 
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Certain types of cardiac beriberi, with a sudden onset, may occur sporadically 
and have been described in the Orient as ‘“‘Shoshin”’ or the so-called acute per- 
nicious form of beriberi heart disease. In such cases the patients are usually in 
severe congestive failure, markedly cyanotic, and complain of precordial distress. 
Circulatory collapse generally occurs and may lead to death in a short period of 
time. These cases must be diagnosed readily, since the administration of thia- 
mine may be a lifesaving procedure in the early stage of this condition. We have 
observed recently two patients with this clinical syndrome, one of which was in a 
desperate condition, showing no response to cardiotonic drugs, stimulants, etc., 
but improving dramatically and almost immediately after the intravenous 
administration of 100 mg. of thiamine. 


Pathologic Findings.—\n cardiac beriberi these usually consist of hypertrophy 
and dilatation, involving both the left and the right chambers of the heart. 
Hydropic degeneration of the myocardial fibers is usually present in addition to 
interstitial and intracellular edema. The myocardial changes in beriberi heart 
disease are usually reversible in the initial stages. In long-standing cases, how- 
ever, these changes may become permanent as a result of progressive myocardial 
fibrosis which may be similar to that observed in other forms of degenerative heart 
disease.2”7. An unusual type of cardiac fibrosis, involving the subendocardial as- 
pects of both ventricles, associated with mural thrombosis, has been described 
in vitamin deficient patients*“* and was included among the heart diseases of 
unknown etiology. According to Smith and Furth“ these cases probably repre- 
sent unusual examples of cardiac beriberi, since it is suggested that myocardial 
fibrosis may result not only from chronic ischemia but also from a nutritional 
deficiency. 

Among the six fatalities in our series, autopsy was obtained in five patients. 
Histologic examination revealed a marked degree of interstitial edema with 
dissociation of the myocardial fibers in three cases. Figures 11 and 12 illustrate 
typical examples of these findings, showing perivascular edema in one case (Fig. 
11) which extended to the vessel wall. 


Therapy.—krom the therapeutic standpoint, although vitamin B, admin- 
istered parenterally is considered the specific treatment for cardiac beriberi, it 
should be emphasized that some cases respond to bed rest, salt-free diet, digitalis, 
and mercurial diuretics. Therefore, the beneficial effects of these nonspecific 
measures should not rule out the diagnosis of thiamine deficiency. On the other 
hand, certain irreversible forms of cardiac beriberi may show only a slight im- 
provement or no response at all to thiamine medication. In such cases, therefore, 
it is evident that the therapeutic response is not a necessary diagnostic feature of 
beriberi. The recognition of the deficiency factor as the cause of cardiac involve- 
ment in the advanced cases is seldom possible from the clinical standpoint, unless 
one is aware of the occurrence of this type of cardiac beriberi which so closely 
resembles arteriosclerotic and hypertensive heart disease. 
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Fig. 11 (Case 17).—(L.A.A.)—Histologic section of the heart muscle from a patient with cardiac 
beriberi associated with congenital pulmonary valvular stenosis. Signs of serous myocarditis, with 
interstitial edema, dissociation of the myocardial fibers and edema of the vessel walls. 


Fig. 12 (Case 9).—(A.F.)— Marked interstitial edema dissociating the myocardial fibers. The latter 
show occasional areas of necrosis. 
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SUMMARY 


Beriberi heart disease seems to be a frequent condition in Brazil, as judged 
by the twenty-two cases which we have observed during a three-year period in 
the city of Rio de Janeiro. In most patients, beriberi was the only etiologic factor, 
but there were some instances of other associated cardiac conditions, notwith- 
standing the fact that the vitamin deficiency was the main cause in all cases. 
Chronic alcoholism was the major etiologic factor, since all patients in our series 
consumed large amounts of alcoholic beverages for prolonged periods of time. 

All our patients were men and apparently well-nourished individuals. 

Edema was the earliest and most frequent clinical manifestation. Variable 
degrees of dyspnea occurred in twenty cases during the course of cardiac failure, 
although it appeared as an initial symptom in two cases. 

A certain lability of the pulse rate was an interesting feature, particularly a 
transient bradycardia which usually appeared at the onset of clinical improve- 
ment. Blood pressure variations were equally observed, particularly a transient 
hypertension during the course of heart failure. Clinical signs of polyneuritis 
were present in all but two cases and were rarely of clinical significance. The 
main roentgenologic and electrocardiographic features were analyzed, empha- 
sizing their reversibility on thiamine treatment. The occasional diagnostic 
difficulties in distinguishing cardiac beriberi from hypertensive and arterioscle- 
rotic heart disease were pointed out. 

There were six deaths in the present series caused by heart failure. Five 
cases came to autopsy and were all confirmed as representing instances of thia- 
mine deficiency. 

Considering the fact that the unfavorable prognosis of beriberi heart disease 
in certain cases is due to the prolonged duration of thiamine deficiency leading 
to an irreversible myocardial fibrosis, the early recognition of this condition is 
emphasized, since appropriate therapeutic measures at this time may result in 
a complete cure. 
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NORMAL PRESSURE IN THE RIGHT HEART AND PULMONARY 
ARTERY 


O. Fow.er, M.D., RicHarp N. Westcott, M.D., AND 
RALPH C. Scott, M.D. 


CINCINNATI, OHIO 


N 1941, Cournand and Ranges! introduced the technique of catheterization 

of the right heart in man. Since this time, there have been published a large 
number of papers testifying to the usefulness of the method in physiologic and 
diagnostic investigations. In the years since 1941, several reports have appeared 
in the medical literature, describing normal values of pressures in the right heart 
and pulmonary artery in small groups of subjects.*-? With the more widespread 
employment of cardiac catheterization as an increasing number of congenital and 
acquired cardiac defects are becoming amenable to operation, it seems to be 
essential to establish the normal range of these pressures in as large a group of 
subjects as can be accumulated. Accordingly, we have described below our 
findings of pressures in the right heart and pulmonary artery in eighteen normal 
subjects and have reviewed the findings of others who have published data ob- 


tained from groups of normal individuals. 


MATERIAL 


The material consisted of eighteen convalescent patients from the medical 
wards of the Cincinnati General Hospital. Their ages ranged from eighteen to 
sixty-six years. These subjects were free from cardiac disease as indicated by 
physical examination, roentgenogram, and electrocardiogram. The subjects also 
had lungs which were normal to roentgenogram except for one who was convales- 


cent from a small lung abscess. 


METHOD 


Catheterization of the right heart was performed in the manner of Cournand 
and Ranges.' Patients were studied in the fasting state, sedated by 0.1 Gm. of 
Seconal Sodium. Pressures were recorded by strain gauges and a five-channel 
optical oscillograph (Hathaway). Ten centimeters upward from the spine of the 
recumbent subject was used as a zero level. Pressures were measured over two or 
more respiratory cycles. Mean pressures were obtained by planimetry. Pul- 
monary ‘‘capillary’’ pressures were determined in the manner of Hellems and 
associates. § 
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RESULTS AND DISCUSSION 


The values found for the various pressures in the right side of the heart in 
our study and in those of others are summarized in Table I. Our values for right 
atrial pressure, averaging 2.9 mm. Hg for the mean pressure, agree closely with 
those of Lagerl6f and WerkG6,’ whose values for normal right atrial pressure aver- 
aged 2.75 mm. Hg. The values given for this determination by Bloomfield and 
co-workers* were slightly lower, possibly because of a different zero level. The 
values obtained by Hickam and Cargill® are also a bit lower than ours. We have 
given also in Table | the values obtained for the a, x, c, x’, v, and y waves of the 


right atrial pressure pulse. 


TABLE I. NORMAL RIGHT HEART AND PULMONARY ARTERY PRESSURES 


LAGERLOF BLOOMFIELD DEXTER FOWLER HICKAM 
AUTHOR AND AND BORDEN AND AND AND 
WERKO ASSOCIATES ASSOCIATES ASSOCIATES CARGILL 
Rt. Atrium 
Av. Mean 2.75(13)*| 0.11(9) 2.9(11) 0.8(6) 
Range 1 to 5 —2to+2 1 to 4.5 0 to 4 
S. D. 1.22 
a wave 5.6(9) 
Range 2.5 to 7.0 
X wave 2.9(7) 
Range 1 to 5.5 
wave 3.8(5) 
Range 1.5 to 6.0 
x’ wave 1 .7(8) 
Range 0 to 5.0 
Vv wave 4.6(7) 
Range 2 to 7.5 
y wave 2.4(7) 
Range 0 to 5.5 
Rt. Ventricle 
Peak Systole 24(13) 25(13) 25.6(7) 
Range 17 to 30 18 to 30 19 to 31.5 
End Diastole 4(13) 2.7 3.6(7) 
Range lto7 —0.5 to 4.5 2 to 6.0 
Pulm. Artery 
Av. Mean 15(13) 15(8) 14.4(18) 11(8) 
Range 9 to 19 13 to 17 10 to 18 8 to 14 
S. D. 2.63 
Peak Systole 23(13) 20.1(12) 23(8) 22 .9(18) 
Range 14 to 29 11 to 26 19 to 26 16 to 29 
S. D. 3.7 3.65 
End Diastole 8(13) 8.8(12) 9(8) 9.1(18) 
Range 4 to ll 5 to 11 6 to 12 5 to 13 
8. D. 1.2 2.54 
Dicrotic 13.4(14) 
Notch 8 to 18.5 
Pulm. “Capillary” 
Av. Mean 9(8) 8.4(16) 
Range 6 to 12 4.5 to 13 
8. D. 2.11 


Pressures are expressed in mm. Hg. 
*Figures in parentheses indicate the number of subjects studied. 


266 AMERICAN HEART JOURNAL 


Our values for right ventricular pressures were similar to those of Bloomfield 
and co-workers,’ and to those of Lagerléf and Werk6,’ averaging 25.6 mm. Hg in 
systole and 3.6 mm. Hg in diastole. Our average mean pulmonary arterial pres- 
sure of 14.4 mm. Hg was essentially the same as the 15 mm. Hg average obtained 
by Dexter and associates,‘ and the 15 mm. Hg figure obtained by Lagerléf and 
Werk6,’ although the range in our data (10 to 18 mm.) and in those of Lager- 
lof and Werko (9 to 19 mm.) was larger than in those of Dexter and associates 
(13 to 17 mm.). This may well be due to the fact that the last group of work- 
ers studied a smaller number of subjects. The mean pulmonary arterial pressures 
obtained by Hickam and Cargill® were slightly lower than those cited above. 
Our own values for pulmonary arterial systolic pressures were essentially the same 
as those found by Lagerléf and Werk6,’ our range being 16 to 29 mm. Hg, and 
theirs being 14 to 29 mm. Hg. Borden* had somewhat lower range limits for this 
pressure. Our values for diastolic pressure in the pulmonary artery were from 
5 to 13 mm. Hg; these were essentially the same as those found by Borden,’ 
Dexter and co-workers,‘ and by Lagerléf and Werké6.’ 

The values we found for pulmonary “‘capillary”’ pressure were from 4.5 to 13 
mm. Hg, a slightly wider range than the 6 to 12 mm. Hg found by Dexter and 
associates and somewhat higher than the 2.5 to 8.5 mm. Hg found in eight 
normal subjects by Doyle and co-workers. We have not included the values 
given by Doyle in our table because both his pulmonary arterial and pulmonary 
capillary” pressures are considerably lower than those reported by other workers, 
suggesting a systematic difference in technique of measurement. 

Although most of the subjects included in the above studies were considered 
under basal conditions, some had had a light breakfast. This probably did not 
influence the pressure determinations, since Hickam and Cargill® showed that 
even light exercise does not elevate significantly pressures in the right side of the 
heart and pulmonary artery of normal individuals. It is hoped that the above 
will be of aid in indicating the normal range limits to workers in the field of car- 
diac catheterization. It should be emphasized that the studies summarized here 
have been made on adults. Limited experience suggests that normal pressures 
in the right side of the heart and pulmonary artery of the older child are not 


greatly different from these. 


SUMMARY 


A study of pressures in the right side of the heart and pulmonary artery of 
eighteen normal subjects of our own and a review of the findings of other authors 
in a total of 54 additional subjects indicated the following range limits of normal 
pressure in mm. Hg. 

Right atrial mean pressure: —2 to +5. 


Right ventricle: systole, 17 to 31.5; end diastole, —0.5 to +7. 
Pulmonary artery: systole, 11 to 29; diastole, 4 to 13; mean, 8 to 19. 


Pulmonary “capillary’’: mean, 5 to 13. 


6. 
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THE EFFECT OF POSTURE AND ADRENERGIC BLOCKADE WITH 
DIBENZYLINE ON RENAL HEMODYNAMICS AND EXCRETION 
OF WATER AND ELECTROLYTES IN PATIENTS WITH 
HYPERTENSION WITH AND WITHOUT 
RENAL DAMAGE 


RALPH V. Forp, M.D., Joun H. Moyer, M.D., AND CHARLES L. Spurr, M.D. 
WITH THE TECHNICAL ASSISTANCE OF R. M. WELLER AND C. P. SMITH 


Houston, TEXAS 


IBENZYLINE* (N-phenoxy-isopropyl-N-benzyl- 8-chlorethylamine HCl) 

has been subjected to fairly extensive clinical investigation in the treatment 
of hypertension.'* The drug is a potent adrenergic blocking agent and is effec- 
tive orally.*. However, the renal hemodynamic effects of blood pressure reduction 
with this agent have not been evaluated. In addition to the renal response to 
blood pressure reduction, this drug affords us a means of evaluating the effect of 
adrenergic blockade on renal hemodynamics in the recumbent position and when 
the body is under stress in the upright position in patients with hypertension. 
The data indicate that, in spite of the reduction in blood pressure, complete renal 
hemodynamic adjustment occurs in the recumbent position. The depression of 
renal blood flow and glomerular filtration rate which occurs in the untreated 
patient following head-up tilting is not altered by adrenergic blockade with this 
agent. In addition, tilting of the hypertensive patient appears to depress water 
and sodium excretion out of proportion to the reduction in glomerular filtration 
rate, quite similar to the response of normal individuals. This response is also 


not affected by adrenergic blockade with Dibenzyline. 


METHODS 


Twelve men patients with hypertension of varied types were studied by 
measurements of glomerular filtration rate (inulin clearance), renal plasma flow 
(para-aminohippurate clearance), and maximum tubular excretory capacity 
(TmPAH). The rates of urine formation, sodium excretion, potassium excretion, 
and changes in blood pressure were observed. The techniques of renal function 
and the methods of analysis have been previously described.® 

Control determinations of glomerular filtration rate and renal plasma flow 
consisted of two consecutive 10 minute periods in recumbency followed by two 
consecutive 10 minute periods in the 60 degree caudally tilted position. The 

From the Departments of Medicine and Pharmacology of the Baylor University Coilege of Medi- 
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patient was then returned to the recumbent position and, after a 30 minute 
equilibration period, glomerular filtration rate and maximum tubular excretory 
capacity were determined in the recumbent (2 periods) and in the 60-degree 
tilted position (2 periods). The patients were restudied after 2 to 7 days, during 
which time the patient was given oral Dibenzyline in an incremental fashion in 
order to establish adrenergic blockade. The average single dose required to 
establish blockade was 95 mg. The postdrug studies were done in precisely the 
same fashion as during the control period, recumbent and tilted. Adrenergic 
blockade was proved by norepinephrine unresponsiveness (complete blockade) 
at the time of the drug study. Thus, twice the dose of norepinephrine, which 
produced a rise of at least 40 mm. Hg systolic pressure in the control period, was 
injected during the drug study and found to produce no rise in blood pressure. 
Five of the patients were studied again in the same manner after 28 days of 
blockade. 
RESULTS 


The Effect of Renal Damage.—In order to evaluate the relationship of renal 
impairment to renal hemodynamic changes, these patients have been arbitrarily 
divided into two groups on the basis of the control value for glomerular filtration 
rate.6 Five patients with glomerular filtration rate less than 60 ml./min. were 
considered as having moderate to marked renal damage and were placed in Group 
A. Seven patients with glomerular filtration rate of more than 60 ml./min. were 
placed in Group B and were considered to have normal to minimally impaired 
renal function. There was no significant difference between the two groups in 
renal hemodynamic response to tilt or to adrenergic blockade. 

The Effect of Adrenergic Blockade on Renal Functions.—The average mean 
blood pressure after adrenergic blockade dropped to 90 per cent of control in the 
recumbent position and to 78 per cent in the tilt. Despite the reduction in blood 
pressure in the recumbent position, renal plasma flow (Table II) was not sig- 
nificantly altered due to a decrease in renal vascular resistance (since hematocrit 
did not change). There was no change in maximum tubular excretory capacity 
of para-aminohippurate, indicating that the number of functioning nephrons 
did not change. Since the number of functioning glomeruli was not altered, 
the constancy of glomerular filtration rate indicates that no change (Table 1) 
occurred in the filtration in the individual glomeruli. After adrenergic blockade, 
the tilted position produced a significant decrease in all renal functions. The 
capacity for the tubules to excrete para-aminohippurate was depressed less than 
glomerular filtration rate, indicating a decreased number of active nephrons as 
well as a decrease in filtration in the glomeruli continuing to function. 

The Effect of Adrenergic Blockade on Water and Electrolyte Excretion.— 
Adrenergic blockade did not appear to consistently alter the excretion of water, 
sodium, and potassium in the recumbent position. However, acute tilt studies 
indicated that the rate of electrolyte excretion was consistently depressed more 
than renal functions. 

Statistical Analysis.—Application of ‘‘t’’ tests to the paired differences (Table 
IV) showed that the fall in blood pressure in the supine position during adrenergic 
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TABLE III. Errect or ADRENERGIC BLOCKADE ON WATER AND ELECTROLYTE EXCRETION* 


U.V Na kK 
PI 
dD DI D D D1 
> P. 6.4 5.4 3.8 12.6 i4.4 2.3 2.9 2.4 1.7 
8.3 5.0 5.0 9.9 6.1 9.2 2.0 
B. E. 11.1 6.5 6.9 re 1.8 0.6 3.0 ‘Ss 2.0 
M. C. 7.9 1.9 17.9 6.5 3.0 0.6 
\.D 4.3 4.8 3.9 8.7 8.7 7.1 4.1 1 aca 
A. 7 8.4 11.0 3.2 10.9 0.1 5.4 3.8 
M. U. 7.0 7.7 4.1 13.1 6.0 6.6 
\verage 7.6 6.0 3.9 10.1 8.8 3.5 5.0 S.2 a4 
Average of 
Control 8&3 53 98 $5 69 46 
U.V.—tUrine volume (ml]./min.) 
Na—Excretion of sodium (mg./min.) 
K—Excretion of potassium (mg./min.) 
Average © of Control = Average of individual changes over control (C) 
*See Table I for key to abbreviations 
IV. SratistTicat ANALysts** 
PERIODS MEAN DIFFERENCE 4 
FUNCTION COMPARED STANDARD ERROR I p* 
MBP C-D 15 + 4.44 3.341 <0.01 
GFR (Inulin) C-D - 5.58 + 5.56 0.988 n.s. 
D-— DT - 15.8 +t 4.55 3.479 <0.01 
CT - DT 0.417 + 4.46 0.094 n.s. 
GFR (Creatinine) C-D 5.83 + 6.23 0.9357 ns. 
D-—DI1 16.58 + 3.59 4.618 <0.01 
Cl D1 + 4.85 0.515 ns. 
RPF C-D 8.917 + 36.2 0.246 Is. 
D DI 109.75 + 19.74 5.56 <0 O1 
Oy I 0.417 + 31.5 0.01 n.s 
RVR ( 0.625 454 1.377 1s. 
D-—DI1 0.753 0.043 3.096 <0.02 
0.028 0.0259 1.095 
PmPAH C-D 0.833 1.15 0.724 ns. 
DD ; 6.917 2.54 2.738 <0.05 
Cl 2.59 1.351 n.s 
( 0.317 1.716 0.185 
1) - 3.34 + 0.995 3.357 <0.01 
CT 0.292 + 0.590 0.491 
*ns Mean difference not statistically significant 
p value of <0.01 means less than 1 chance in 100 that the observed difference was due to chance. 
p <0.02 and p = <0.05, as above; chances are 1 in 50 and 1 in 20, respectively. 
**Statistical analysis through courtesy of H. E. Rockwell of Smith, Kline, & French Laboratories. 
C—control CT—+tilt before adrenergic blockade with Dibenzyline 


D—after Dibenzyline DT—tilt after adrenergic blockade with Dibenzyline 
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blockade was highly significant statistically (p < 0.01). In the tilted position, 
the decrease in maximum tubular excretory capacity was significant at the five 
per cent level; in glomerular filtration rate, renal plasma flow, and urine volume, 
at the one per cent level. The effect of tilting on these functions after blockade 
did not differ significantly from that observed during the control studies. 


Chronic Studies.—No changes were observed in the response to tilting after 
one month of adrenergic blockade in the five patients so studied. There was no 
significant change in renal function and electrolyte excretion to suggest renal 
toxicity of the drug. 

DISCUSSION 


Dibenzyline taken orally produces at least a partial adrenergic blockade as 
indicated by the failure to elicit a vasopressor response to intravenous norepine- 
phrine. This effect has been used to examine certain features of renal hemo- 
dynamics. The lack of depression of renal function despite depression of blood 
pressure in the recumbent position after adrenergic blockade suggests that a 
decrease in renal vascular resistance has occurred. This might be accounted for 
by renal autonomy or by reduction in renal vascular resistance due to adrenergic 
blockade which was equivalent in the kidney to that in other areas of the body. 
The absence of an increase in renal blood flow is evidence against a specific renal 
effect. 

Tilting produces certain undesirable changes in renal hemodynamics in 
hypertensive patients (also in normal persons) which are not altered by adrenergic 
blockade. Associated with an increase in renal vascular resistance, there is a 
depression of renal blood flow equivalent to or greater than the drop in blood 
pressure associated with a depression in glomerular filtration rate. A larger 
study’ of twenty hypertensive patients was previously done in order to evaluate 
the hemodynamic effects of tilting alone. This furnished data which may be 
compared with those obtained from the patients in the present study. The data 
in Table Il summarizes the changes in renal vascular resistance produced by 
adrenergic blockade in the supine position and compares this response to the 
tilted position. Table V compares the changes due to tilting alone (CT) and 


TABLE V. THE EFFECT OF TILTING, BEFORE AND AFTER ADRENERGIC BLOCKADE 


MBPt GFRt rmpant u.v.I Nat Kt 

**Control 141 80 435 59 8.6 9.7 a 
lilt Alone 126 51* 294* 47* 4.1* 1. 8* 
% Control 90 71 72 82 50 40 75 
**Control 139 73 457 57 11.4 
Tilt Blockade 108* 356* 70* 4.57 ig 
Y% Control 78 75 78 89 53 45 46 


tAverage values 

*Statistically significant 

**The control] tilt alone comprises 20 patients. Twelve of these patients were also studied under 
adrenergic blockade, thus the average of the control values differs. 
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tilting following adrenergic blockade (DT). It will be seen that there is no 
significant (statistical) difference in the two groups except for a greater depression 
in blood pressure after adrenergic blockade. 

The renal vascular response to tilting may be analogous to stress situations 
in general. Head-up tilting apparently inaugurates a sequence of generalized 
vasoconstrictive reflexes in order to maintain homeostasis. The kidney appar- 
ently participates in this vasoconstriction since there is a depression of all renal 
functions with decreased filtration in a decreased number of nephrons. Observa- 
tions, following supposedly increased sympathetic activity, as by sciatic nerve 
stimulation,’ renal plexus stimulation,'® or epinephrine administration," are 
similar. The present studies indicate that the vascular response in the patient 
with hypertension is essentially the same as in patients with normal blood pressure 
and normal kidneys. That these same changes in renal function are not altered 
by adrenergic blockade would seem to indicate renal autonomous adjustment to 
decreased systemic blood pressure, independent of autonomic regulation in this 
group of patients with hypertension. An alternative explanation would be that 
the kidney, like the heart,” is not subject to this adrenergic blocking agent or 
that it is less sensitive than other areas. A similar study in human beings, using 
autonomic ganglionic blockade with oral hexamethonium, shows similar results.” 

The changes in urine sodium and potassium excretion rates in the tilted 
position did not vary significantly before or after adrenergic blockade, favoring 
further the possibility that the kidneys are less sensitive to adrenergic blockade 
than are other areas. Here again, the response in this group of patients with 
and without renal damage is no different from that which has been observed in 
normal persons. The depression of water excretion which is greater than the 
depression in glomerular filtration rate suggests that the liberation of antidiuretic 
principle may play a role in the increased tubular reabsorption of water. An 
elevation of the hematocrit indicating hemoconcentration would have given 
added credence to this, but we did not observe such an effect. This does not 
obviate the possibility of intracranial hemoconcentration in the caudally tilted 
position. Should this explanation be accepted one could not explain the increase 
in tubular reabsorption of sodium since it has been shown that the antidiuretic 
hormone does not increase sodium reabsorption in man." Therefore, we must 
conclude that the antidiuretic effect of tilt is primarily a response to vascular 
and neurogenic influences which have not been blocked with Dibenzyline. The 
presence of renal impairment as measured by glomerular filtration rate does not 
alter these responses. Thus, a kidney may have marked obliteration of vascula- 
ture and functional units, yet those units that remain respond to stress in the 


same fashion as do normal nephrons. 
SUMMARY 
1. Dibenzyline has been used orally in twelve hypertensive patients with 


and without renal disease to induce adrenergic blockade. The effects on renal 
hemodynamics were observed in both the recumbent as well as tilted positions. 
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2. In the recumbent position, adrenergic blockade produced a reduction 
in blood pressure without alteration in renal function. In the tilted position, 
the reduction in renal function was the same before and after adrenergic blockade, 
although the reduction in blood pressure was greater after adrenergic blockade. 
These changes were not related to the degree of renal impairment as measured 
by glomerular filtration rate. 

3. These results suggest renal autonomous adjustment to decreased filtra- 
tion pressure, independent of autonomic control or else a specific resistance of 
the kidney to adrenergic blockade. 

4. The excretion of water and electrolytes in patients with hypertension 
and associated renal damage is depressed out of proportion to renal blood flow 
and glomerular filtration rate. This indicates that the effect of tilt on electrolyte 
excretion in the hypertensive patient is qualitatively similar to the normotensive 
subject without renal damage and is not affected by adrenergic blockade with 
Dibenzyline. 
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STUDIES WITH INTRAVENOUS GITALIN 
Il. BALLISTOCARDIOGRAPHIC AND ELECTROKYMOGRAPHIC OBSERVATIONS 


OLGA M. Harinc, M.D.,* AND A. Lutsapa, M.D.** 


CHICAGO, ILL. 


HE clinical effects of gitalin, a digitalis glycoside, as well as the electro- 

cardiographic changes produced by its intravenous administration, were 
discussed in a previous note.!. Comparisons of the rapidity of action, rate of 
elimination, and therapeutic ratio between gitalin and other digitalis glycosides 
were also made. It was proved that the therapeutic ratio of this drug is higher 
than that of other digitalis glycosides. 

A more complete evaluation of the action of gitalin requires demonstration 
that, while the therapeutic ratio is different, the changes of cardiovascular 
dynamics are similar to those caused by other, better known, glycosides. 

The glycosides used in this study were administered in the following doses: 
(a) gitalin (Gitaligin),f 2.5 to 4 mg.; (b) strophanthin K (Strophosid),f{ 0.25 mg.; 
(c) lanatoside C (Cedilanid),f 0.40 mg.; (d) digitoxin (Crystodigin),§ 0.20 mg. 
Whenever more than one glycoside was injected into the same patient, a suitable 
interval elapsed between one injection and the next. Usually, glycosides having 
a faster elimination (strophanthin, gitalin) were injected first; not less than three 
days elapsed before lanatoside C was injected; not less than five days before 
digitoxin was injected. 

The changes of cardiac dynamics were studied in two ways: (a) directly, 
by means of electrokymograms of the left ventricular border; and (b) indirectly, 
by means of ballistocardiograms. Electrokymograms and _ ballistocardiograms 
were recorded before and after intravenous injections of the digitalis glycoside. 
Electrocardiograms were recorded systematically and completed the study.! 
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HARING AND LUISADA: STUDIES WITH INTRAVENOUS GITALIN 


MATERIAL AND METHODS 


Eleven persons were studied by means of electrokymography, fourteen by 
ballistocardiography. Five persons were studied by both methods. 

The electrokymograms were recorded in three normal persons, one patient 
with rheumatic heart disease, and seven patients with coronary heart disease; 
two of the latter had a history of previous myocardial infarction; one also had 
hypertension, another had atrial fibrillation. The age of the subjects ranged 
from 13 to 72 years. All patients presented some evidence of congestive failure. 
None of them had received digitalis within the last month. 

The ballistocardiograms were recorded in three normal persons, one patient 
with rheumatic heart disease and ten patients with coronary heart disease. Four 
of the latter had a history of previous myocardial infarction; two also had hyer- 
tension; and two had atrial fibrillation. 


Electrokymograms.—The electrokymograms were recorded by means of a 
Sanborn electrokymograph and either a poly-viso direct writer or a twin-beam 
photographic recorder. The patient was placed in a sitting position. The tech- 
nique followed has been described by one of us; the slit of the phototube was 
placed at about half-way of the left ventricular contour, in order to minimize the 
causes of error due to ventricular motion and to record mostly volume changes. 
A tracing was recorded before the injection. The cardiac glycoside was injected 
then into a vein of the forearm without moving the patient. The tracing was 
repeated soon after the injection and again within 20 minutes. The patient was 
allowed then to rest on a couch, but another tracing was recorded one hour after 
the injection. In one case, a further tracing was recorded after 2 hours. Special 
care was taken to place the slit in exactly the same position as before the injection. 
The controls of the electrocardiograph and electrokymograph were never ad- 
justed after the initial setting in order not to alter the degree of amplification. 

The ventricular electrokymogram was recorded at various film speeds: first, 
75 mm./sec. in the photographic recprds or 50 mm./sec. in the direct writing, 
then, 2.5 mm.) sec. in either or both of them. Thus, it was possible to analyze 
in detail the tracing (high speed) and to grasp quickly the maximal amplitude of 
the ventricular wave (low speed). 

The tracings were recorded during voluntary apnea in an intermediate 
position between inspiration and expiration. This required instruction and a few 
experiments before beginning the study. 

Among the clinical cases, one patient received on different days, gitalin, 
digitoxin, and strophanthin; one received gitalin, lanatoside C, and strophanthin; 
two received gitalin and strophanthin; one, gitalin and lanatoside C; and one, 
gitalin and digitoxin. Thus, a comparative study of the effects of the various 


glycosides was possible. 


Ballistocardiograms.—The ballistocardiograms were recorded by means of a 
Sanborn optical ballistocardiograph connected to either a poly-viso (direct 
writer) or a twin-beam (photographic recorder). The records were calibrated 
by releasing a spring which had been pushed against the vertex and which exerted 
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a pressure of 600 grams; the obtained deflection of the tracing was 2 cm. The 
subject was lying supine on a firm table. The records were taken before the 
injection, soon afterwards, and after about one hour. The tracings were recorded 
at two different speeds: first, a higher speed (75, 50, or 25 mm./sec.) for the study 
of the various waves; then, a speed of 2.5 mm./sec. for a better grasp of the over- 
all amplitude of the IJK complex. The tracings were recorded without filter, 
with the subject either in voluntary apnea or breathing normally. 

Among the clinical cases, three patients received gitalin, lanatoside C, and 
strophanthin; one received gitalin, digitoxin, and strophanthin; one received 
gitalin and lanatoside C; and one, gitalin and strophanthin. Thus, the actions 
of various glycosides were compared in the same subjects. 
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Fig. 1.—Electrokymogram of left ventricular border of a normal student. A, before injection; 
B, soon after intravenous injection of 4 mg. of gitalin; C, one hour after the injection; reduced amplitude 
in B; control values in C. 

RESULTS 

I.—Electrokymograms (Table 1) 

A. Normal persons:—Soon after the injection, there was a decrease of the 
heart rate in one person, a 10 per cent increase in the other two. The electro- 
kymogram presented a 10 to 15 per cent decrease in all three subjects. Correla- 
tion of the change of electrokymographic amplitude with that of rate indicates 
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an actual decrease in only one case (Case 1), because tachycardia may explain a 
proportional decrease in amplitude of contraction in the other two (Cases 2 and 
3). 

One hour after the injection, only Case 3 presented changes. These, how- 
ever, were not significant because cardiac rate and amplitude of contraction varied 
10 per cent in the opposite direction, so that the changes may be considered related 


to each other. 


2 Electrokymogram of left ventricular border of a patient with coronary heart disease and 


Fig. 2.- 
atrial fibrillation. A, before injection; B, soon after intravenous injection of 0.24 strophanthin K; 
C, one hour after the injection; slight increase of amplitude and rate in B; slight average increase also in 


C (not well revealed by single contractions). 


B. Clinical cases:—Soon alter the injection, the heart rate was unchanged in 
five cases; it decreased from 10 to 20 per cent in two cases and increased 10 per 
cent in one. The amplitude of the ventricular electrokymogram was unchanged 
in one case; it increased 10 per cent in one; 20 per cent in another; and it decreased 
from 10 to 30 per cent in five cases. Correlation of the changes of rate with the 
electrokymographic changes indicates that a decrease in amplitude of contraction 
took place in five cases while there was a relative increase in two cases (Case 
4 and 7), and no change in another (Case 6). The effects of lanatoside C, digi- 
toxin, and strophanthin were similar when compared in the same patients. 
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One hour after the injection, the heart rate had decreased by from 10 to 20 
per cent in three cases, had increased 10 per cent in one case, and had returned to 
control values in the others. The amplitude of the electrokymogram had de- 
creased from 20 to 25 per cent in three cases; it had increased 15 per cent in one 
case (Case 6), and had returned to control values in the other four. Correlation 
of electrokymographic changes with changes of rate showed that there was a 
relative decrease in three cases; there was a relative increase in two cases (Cases 
6 and 9); the others were practically unchanged. The effects of lanatoside C, 
digitoxin, or strophanthin were comparable in the same cases. 


11.—Ballistocardiograms (Table IT) 
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Fig. 3.—Electrokymogram of left ventricular border of same patient of previous figure; intravenous 


injection of 3 mg. of gitalin. Results are comparable to those of Fig. 2. 


A. Normal persons:—Soon after the injection, no change of heart rate was 
present in any subject. On the other hand, the ballistocardiogram decreased 
from 10 to 25 per cent in two subjects, while the third could not be studied. 
A relative decrease of the ballistocardiogram was thus present in the two normal 
subjects which were studied. 

One hour after the injection, no change of rate was present. The ballisto- 
cardiogram was decreased from 10 to 20 per cent in all cases. This represented 
also a relative decrease on account of the stability of the cardiac rate. 
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Fig. 4.—Optical ballistocardiogram of a normal student: A, before injection; B, soon after intra- 
venous injection of 4 mg. of gitalin; C, one hour after injection; decreased amplitude in both Band C 
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Fig. 5.—Optical ballistocardiogram and electrocardiogram in a case of rheumatic valvular disease: 
* A, before injection; B, soon after intravenous injection of 3 mg. of gitalin; C, one hour after injection; 
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B. Clinical cases:—Soon after the injection, the heart rate was found un- 
changed in seven cases; it was found decreased from 10 to 20 per cent, in four 
cases. The ballistocardiogram was unchanged in two; it was not recorded in one; 
it was decreased from 15 to 50 per cent in eight cases. Correlation of the ballisto- 
cardiogram with the cardiac rate revealed a relative decrease in eight cases out of 
eleven, and no change in two cases (the data of one case are not available). One 
hour later, the heart rate was still unchanged in three cases; it was decreased in 
five ; it showed some increase in one case (Case 9); and it returned to control values 
in two cases. The ballistocardiogram showed no change in one case; a moderate 
increase in one case; a return to control values in two cases; and it presented a 
decrease of from 15 to 60 per cent in seven cases. Correlation of the changes of 
the ballistocardiogram with those of the heart rate showed a relative decrease 
in seven cases, no change in one, and a relative increase in three cases (Cases 
6, 9, and 13). 


DISCUSSION 


The main purpose of this study was to ascertain whether or not gitalin has a 
cardiac and vascular action similar to that of other cardiac glycosides of the 
digitalis group. As the methods employed by us are different from those used by 
previous workers, certain deductions about the action of digitalis in general and 
the difference between digitalis and strophanthus glycosides may also prove of 
interest. 

In the past, digitalis was studied clinically, in animal experiments, in heart- 
lung preparations, in isolated hearts, and in papillary muscle or myocardial strip 
preparations. Certain important deductions were obtained in normal persons or 
clinical patients by cardiac catheterization with pressure measurements within 
the right heart chambers and determination of cardiac output. Recently, a study 
of oral digitalization was made in normal persons;’ cardiac output was determined 
by means of Ring's electrokymographic method while details of right and left 
ventricular pulses were also studied. 

We used different techniques from those of previous workers. We consid- 
ered that the study of the pulsations of the left ventricular border might give a 
direct proof of the functional changes of the left ventricle; on the other hand, the 
amplitude of the ballistocardiographic complex IJK, being related to the accelera- 
tion of blood in the aorta and with the strength of the left ventricle, gives an 
indirect proof of the same fact. We were aware of the possible objections which 
may be raised against direct correlations between the amplitude of the waves in 
the two tracings and mathematical data or even a certain property of the heart. 
However, the data were considered only in correlation with each other; no special 
importance was attached to the initial values, and the main interest was attached 
to the variations of amplitude of the waves in the same individual, under the same 
experimental conditions, and within a limited period of time. The fact that all 
drugs were pure glycosides and were injected intravenously added to the basic 
comparability of results. 


A. General action of cardiac glycosides:—The most common early result of 
the injection was an absolute reduction in the amplitude of the pulsations of the 


bo 
oo 
wn 


HARING AND LUISADA: STUDIES WITH INTRAVENOUS GITALIN 


left ventricle and in the amplitude of the ballistocardiographic complex. Quite 
often this reduction coincided with a decrease in heart rate. On the other hand, 
a different behavior of the various patients was noted one hour after injection. 

Correlation of the changes of the electrokymogram with those of the heart 
rate revealed an early decrease in one out of three normal persons and five out of 
eight clinical cases. On the other hand, one hour after injection, there was 
increase in two out of eight clinical cases, while a decrease was still present in 
three out of eight. No significant change was found in normal subjects one hour 
after injection. 

Correlation of the changes of the ballistocardiographic complex showed a 
decrease in two out of three normal persons and in eight out of eleven clinical 
cases, a few minutes after the injection. A relative decrease was still found in 
three out of three normal persons and in seven out of eleven clinical cases, one 
hour after injection. On the other hand, three out of eleven clinical cases pre- 
sented a relative increase one hour after injection. 

Thus, early changes of both the electrokymographic and the ballistocardio- 
graphic amplitude consisted in a decrease. The changes of both of them after an 
hour were mostly in the sense of a decrease, while in about one-fourth of the 
cases they consisted of an increase. 

There is a general agreement between various workers that digitalis has little 
action on the normal myocardium. However, such action was proved by Eddle- 
man and co-workers.* Reduction of amplitude of the ballistocardiographic waves 
in Our normal persons may be attributed to a decreased venous return on account 
of the peripheral effect of digitalis. The decreased amplitude of the left ven- 
tricular contractions may be explained in the same way; a decreased filling of the 
left ventricle would be followed by smaller contractions. 

The action of digitalis in clinical cases is explained variously by different 
workers. McMichael and Sharpey-Schafer‘ admitted a chiefly peripheral effect 
while Cournand and co-workers® proved a direct effect on the myocardium. 
Further studies by McMichael’ confirmed the conclusions of Cournand so that 
there now is agreement in admitting a double action of digitalis on the peripheral 
vessels and on the myocardium. 

In considering the various actions of digitalis, one should always take into 
consideration: (a) the way of administration; (b) the glycoside; and (c) the time 
interval between administration and study of the patient. Usually, in experi- 
ments performed with cardiac catheterization, intravenous administration of the 
glycoside was used, and the observation was not prolonged beyond one hour. 
On the contrary, the study of Eddleman and co-workers was based on oral digi- 
talization. It is reasonable to assume that the effects of oral digitalis in a normal 
person become apparent from 30 to 60 minutes later than those of intravenous 
digitalis. 

In our experiments, the early decreased amplitude of pulsations of the left 
ventricle and the early decrease of the ballistocardiographic complex took place 
in a greater percentage of clinical cases than of normal persons. This decrease, 
which can be explained only by the result of a decreased venous return to the 
heart, points to a similarity of action of digitalis in normal persons and patients 
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in failure, even though it is more marked in the latter. On the other hand, obser- 
vations made after one hour after the injection revealed that, in a significant 
percentage of clinical cases (about one-fourth), there was increase of the electro- 
kymographic and ballistocardiographic waves in comparison with control values. 
It is likely that observations made several hours later would have remarkably 
increased this percentage.* The increase of the waves can be explained by stimu- 
lation of the digitalis glycosides on the myocardium. 

Worthy of mention is the response of a 70-year-old patient (Case No. 6 in 
Table 1, No. 9 in Table 2) with coronary heart disease and auricular fibrillation. 
His average rate before injection of the glycosides was between sixty and seventy 
per minute. No change was noticeable immediately after injection. After about 
one hour, the rate had increased by 10 per cent while the amplitude of either the 
electrokymogram or the ballistocardiogram had also increased. This indicates 
a direct action of the drugs in stimulating the myocardium. 

B. Effects of a single glycoside:—The old literature emphasized a difference 
of action between strophanthin (or ouabain) and digitalis. However, studies 
between 1910 and 1930 compared purely clinical observations made in different 
patients, treated either with intravenous ouabain or with oral digitalis. There- 
fore, comparison was difficult and subjective. More recently, different findings 
with ouabain and digitoxin by means of catheterization were explained by 
MeMichael as indicating a somewhat different effect. However, even if the 
studies were performed in similar cases, no comparison was made in the same 
clinical cases. Our observations point to a basic similarity of effects between 
strophanthin, lanatoside C, and digitoxin; and between gitalin and the other 
glycosides. This indicates: (a) that the various strophanthus and digitalis 
glycosides have similar actions; (b) that gitalin acts in the same way as the other 
glycosides on the peripheral vessels and on the heart; and (c) that the clinical 
differences should be explained only by taking into consideration the dose, the 
way of introduction, the rate of elimination, and the therapeutic ratio of the 
various glycosides. It is possible that one or the other of the glycosides had a 


more rapid effect, but this was not detectable by our technique. 


SUMMARY 


An electrokymographic and ballistocardiographic study has been undertaken 
in order to study the effect of intravenous injections of various cardiac glycosides 
including strophanthin, gitalin, lanatoside C, and digitoxin. The electrokymo- 
gram of the left ventricular border or an optical ballistocardiogram were recorded 
before injection, soon after the injection, and about one hour later. Comparison 
was made between various glycosides in the same subjects. Eleven persons were 
studied by means of electrokymography, three normal persons and eight clinical 
patients. Fourteen persons were studied by means of ballistocardiography, three 
normal persons and eleven clinical patients. Five persons were studied by means 
of both methods. All clinical patients presented evidence of congestive failure. 

*Jones’ observed increase in amplitude of the ballistocardiographic waves 48 hours after oral 


administration As the time interval is so much greater than that of our studies, his findings cannot be 


compared with ours 
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Correlation of the changes in amplitude of left ventricular electrokymog- 
raphy with those of the heart rate revealed early decrease in one out of three nor- 
mal persons and in five out of eight clinical patients. On the other hand, one hour 
after injection, there was an increase in two out of eight clinical patients while a 
decrease was still present in three out of eight. No significant change was found 
in normal persons one hour after injection. 

Correlation of the changes of the ballistocardiographic complex IJK with 
those of the heart rate showed early decrease in two out of three normal persons, 
and in eight out of eleven clinical patients. One hour after injection, a relative 
decrease was found in three out of three normal persons, and in seven out of eleven 
clinical patients. Three out of eleven clinical patients presented a relative 
increase. 

The early decreased amplitude of pulsations of the left ventricle took place 
in a greater percentage of clinical patients than of normal persons. This decrease 
can be explained by the result of a reduced venous return to the heart and points 
to a similarity of early action of digitalis glycosides in normal persons and in 
patients in failure. On the other hand, one hour after the injection, one-fourth 
of the clinical patients presented increase of the electrokymographic and ballisto- 
cardiographic waves. This can be explained by direct stimulation of the myo- 
cardium and was not present in normal persons. 

No significant difference was found between the various cardiac glycosides 
in either the peripheral or the myocardial effect. This indicates that: 

(1) Gitalin has a similar effect to that of other glycosides of the digitalis 
group; (2) clinical differences found by other workers and by the authors between 
the therapeutic ratio of gitalin and that of other glycosides are not due to basic 
difference in the mechanism of action. 
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A STUDY OF DIURETIC ACTION OF PAMABROM* 
(2-AMINO-2-METHYL-PROPANOL-1-8-BROMOTHEOPHYLLINE) 
IN CARDIAC FAILURE 


James E. Donerty, M.D., AND OWEN W. BeEarpb, M.D. 


LITTLE Rock, ARK. 


HIS study was undertaken to determine if 2-amino-2-methyl-propanol-1-8- 

bromotheophylline (Pamabrom) would exhibit diuretic activity in patients 
with cardiac failure. Claims have been made that this preparation counteracts 
pituitary antidiuretic hormone activity, prevents the weight gain associated 
with water retention during the premenstrual phase of the menstrual cycle, and 
possesses low toxicity. 


METHOD OF STUDY 


Patients in severe cardiac failure, who had been followed in the cardiac 
clinic for at least three months, were selected for the study. In these patients, 
failure was poorly controlled on digitalis and ammonium chloride, and many of 
them required frequent injections of parenteral mercurial diuretics in order to 
maintain dry weight. There was no selection of patients according to age, sex, 
or etiologic diagnosis of heart disease. Patients who appeared to have progressive 
cardiac failure were excluded from the study. No changes were made in medica- 
tion for each patient other than the addition of Pamabrom; thus, the period of 
observation prior to the study could be used as a control. Pamabrom was admin- 
istered in divided doses of 300 to 900 mg. daily. The amount of mercurial diuretic 
injections required during therapy, together with gain or loss in weight, was 
closely followed. Other data such as presence of edema, degree of failure, sub- 
jective improvement, and the usual vital signs were recorded. 

It is proposed that the effectiveness of the diuretic agent would be reflected 
by (1) differences in requirement of mercurial diuretics during the control and the 
study periods and (2) weight gain or loss during the period of study. 


ANALYSIS OF DATA 


Nineteen patients were included in this study. One failed to report for 
follow-up and, therefore, was lost. Of the eighteen remaining, (see Table I), four 
received Pamabrom only for 5 to 7 days. Case 1 developed gross hematuria and 


From the Division of Cardiology, Department of Medicine, University of Arkansas School of 
Medicine, Little Rock, Ark. 

Received for publication March 13, 1953. 

*Supplied by J. M. Holbert, Ph.D., Research Director, Chattanooga Medicine Company, Chatta- 
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gained six pounds in weight while receiving 600 mg. of Pamabrom daily for six 
days and mercurial diuretics at the same dosage as during the control period. 
Pamabrom was discontinued, and the patient was admitted to the hospital where 
extensive study failed to reveal any cause for the hematuria. The hematuria 
subsided during the period of hospitalization, and there has been no recurrence. 
Further trial on Pamabrom was not attempted. The remaining three patients 
(Cases 2, 3, 9), who received short term trials, exhibited such a sudden weight 
gain over the short period of observation, it was felt that treatment should be 
discontinued. 

Fourteen patients received the preparation from 14 to 137 days. Four 
patients (Cases 5, 6, 10, 17) developed nausea or vomiting severe enough to 
warrant discontinuing medication. Case 14 developed a mild diarrhea after 120 
days of treatment. Originally, Pamabrom was not thought to be responsible, 
but since the diarrhea continued for 17 days while the patient was still receiving 
Pamabrom and promptly subsided when the drug was discontinued, we believe 
that this represented a toxic reaction. 

During the fourth week of therapy, Case 11 developed a maculopapular 
rash, which cleared after the drug was discontinued. 

During the fifth week of treatment Case 7 developed acute pyelonephritis 
which was probably unrelated to the drug, otherwise diuretic response in this 
patient was good. In the remaining seven patients the drug was well tolerated, 
and with the exception of Case 13, they failed to exhibit significant change in 
weight or decreased requirement of mercurial diuretic. 


SUMMARY 


1. Eighteen cases of chronic congestive heart failure were given Pamabrom 
as a diuretic agent. One patient was lost in the follow-up, and four received 
only a short term trial. 

2. Medication was discontinued in four cases because of nausea and vomit- 
ing; in one, because of diarrhea; in one, because of skin rash; in one, because of 
gross hematuria (possibly unrelated). 

3. Two patients of the eighteen studied exhibited good diuretic response. 
Medication was discontinued in one because of acute pyelonephritis, probably 
unrelated to the drug. 

4. In the remaining six patients, significant diuresis, manifested by weight 
loss or maintenance of weight with a reduction in requirement of mercurial 
diuretic, was not observed. 


CONCLUSION 


Pamabrom* (2-amino-2-methyl-propanol-1-8-bromotheophylline) appears to 
have little value in the treatment of patients in chronic congestive heart failure 
in the dosage administered. 


*New Drug Application Number 8451, Brayten Pharmaceutical Company, (Chattanooga Medi- 
cine Company) Chattanooga, Tenn. 


VASCULAR CHANGES IN HYDRONEPHROSIS 


RUDOLF ALTSCHUL, M.U.DrR., AND SERGEY FEDOR, B.A. 


SASKATO‘ SASK. 


N EXPERIMENTAL as well as in spontaneous hydronephrosis the inter- 

lobar arteries are overstretched on account of the increased distance between 
their point of origin in the sinus and the thinned-out cortex. In the later stage, 
when the organ is reduced in size because of reabsorption, the interlobar arteries 
may become tortuous (Egger?). The arciform and cortical arteries, however, 
have already become tortuous in the first stage of hydronephrosis. The cause 
of the convoluting of peripheral branches is not definitely established. Several 
factors have to be considered: (a) there is an intense parenchymal atrophy and 
the vessels become, as it were, too long for the thin layer of parenchyma; (b) 
extravascular pressure is increased and interferes with circulation in the arteries 
and, still more, in the veins. This condition may combine (c) with the oblitera- 
tion of glomerular and other capillaries. The obliteration is readily understood 
as being caused by pressure which is due to the accumulation of fluid in the 
hydronephrotic sac, but it may, at least partly, be due to an intrinsic factor, 
since the atrophic organ needs a lesser blood supply than the normal kidney. 
The obliteration of a great part of the capillary network (c) and compression of the 
thin-walled veins (b) will slow down circulation with, at least, a temporary dam- 
ming up of blood in the arteries. Whether a proximal increase in blood pressure is 
responsible for the contorting of arteries is doubtful in view of the observation 
that in the proximal segments of ligated vessels a hypertension is not found. 
Nevertheless, the damming may be the main or a contributory cause of the 


tortuosity. 


While studying microscopic sections of kidneys, the ureter of which had 
been ligated to set the organ out of action for a different purpose, it was found 
that many vessels had severe tears in their elastica interna together with some 
endothelial proliferation. This observation was followed up bv the ligation of 
ureters in a greater number of experimental animals and by studying human 
hydronephrosis, with the object of gaining more insight into this vascular change. 
We have found no reference in the literature concerning reactions of the elastica 
and endothelium in the vessels of hydronephrosis and therefore report them here, 


From the Department of Anatomy, University of Saskatchewan. 
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MATERIALS AND METHODS 

Ureters were ligated unilaterally in eight rabbits and in ten white rats. The 
animals were allowed to survive from 7 to 187 days. They were killed by intra- 
venous air injection or chloroform. The kidneys were fixed in situ with formal- 
dehyde solution for twenty-four to forty-eight hours and then carefully removed. 
After embedding and sectioning, the tissues were stained with hematoxylin-eosin 
and by Unna-Tanzer’s or Verhoeff's elastica methods. In several cases, serial 
sections were made, in order to follow up the lesions in the elastica interna. 
Human specimens were obtained from the Department of Pathology,* University 
of Saskatchewan. 


Fig. 1 Fig. 2. 


Fig. 1.—Rabbit. Interlobar branch of renal artery, 44 days after ligation of a ureter. Verhoeff's 
elastica stain. x 180. Reduced \% for journal reproduction. 

Fig. 2..-Whiterat. Interlobar branch of renal artery, 124 days after ligation ofaureter. Verhoeff's 
elastica stain. Xx 96. Reduced \% for journal reproduction, 


RESULTS AND DISCUSSION 

As early as seven days after the onset of experimental hydonephrosis, kidney 
sections, stained for elastic tissue, show numerous tears in the elastica interna of 
large and small branches of the renal artery. Artifacts can be definitely ruled out. 
The tears occur in either a longitudinal or in a transverse direction, that is, the 
torn margins are seen separated in a longitudinal (Fig. 1) or in a transverse direc- 
tion (Fig. 2). In later stages, the elastica interna will show elastosis, that is, 
splitting into numerous lamellae with the addition of new elastic layers (Fig. 3). 

Splitting into lamellae and proliferation of the elastica interna have been 
reported in otherwise normal vessels in man in early life (Hackel*), especially near 


*Courtesy of Dr. D. F. Moore 
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orifices or branchings and, also, in the course of arteriosclerosis, but primary 
tearing is mentioned less frequently or not at all (Lewin*®). Lamellation and 
proliferation of the elastica interna are readily observed, also, in ligated arteries, 
where tears are also found (Schaeffer and Radasch,® and many others) although 
they are less frequent and of lesser extent than in hydronephrosis. 

The pathologic changes in ligated arteries differ from those in hydronephrosis 
in that, in the latter, the tearing appears to be the primary and principal change, 
while in ligated arteries the splitting into lamellae and neoformation of elastica 
are more conspicuous. In arteries of hydronephrosis, the torn elastica seems to 
recoil more than in ligated vessels, or in arteriosclerosis. Figure 4 shows such a 
recoiling and Fig. 5 a thickening which, most likely, is due to a contraction of 
the elastic membrane. This contraction brings to one’s mind the expression 
“vital rubber’? or ‘‘animal rubber,’’ both of which terms have been used to 
describe the rubberlike quality of elastic tissue (H. J. Wells’; F. H. Wykoff). 

Although the stretching of the larger interlobar arteries is different from the 
contorting of cortical vessels, both entail an elongation with a consequent tearing 
of the elastica. 

In hydronephrosis, the endothelium in vessels with tears in the elastica 
proliferates to a very slight degree in rats but to a somewhat higher degree in 
rabbits (Figs. 1 and 6). If compared, however, to the endothelial reaction in 
ligated arteries of either rats or rabbits, the endothelial reaction in hydronephrosis 
is of much slower onset, even in rabbits, and does not reach the same intensity. 
Thus, we find in ligated vessels a stronger elastosis and a stronger endothelial 
reaction, which may well be related to each other. 

The endothelial proliferation in ligated vessels has been explained as being 
due to the lack of oxygen (Schaeffer and Radasch®; Altschul'). Similarly, in 
hydronephrosis of the rabbit, an oxygen deficiency, although of a lesser degree, 
may exist. In contrast to ligated vessels, hydronephrosis will have, at least for 
some time after the onset of the collection of fluid in the occluded kidney, a 
minimal blood circulation, which will be sufficient for the needs of the vessel wall. 
Only when the circulation diminishes further because of increasing extravascular 
pressure and of obliteration of capillaries, will the vessel wall suffer a more severe 
hypoxemia, with subsequent proliferation of the endothelial cells. On the other 
hand, the endothelial proliferation in ligated vessels may represent a reparative 
process of the vessel wall, the wall having been weakened by the rupturing of 
the elastica. This view has been advocated by Ssolowjew.*® 

Regarding the difference between the endothelial reaction in hydronephrosis 
in rabbits and in rats, it is worth pointing out that in rats, in contrast to rabbits, 
experimental cholesterol arteriosclerosis cannot be elicited, unless special, addi- 
tional factors have been introduced. Therefore, it seems logical to accept the 
different endothelial reaction in hydronephrosis as supporting evidence for the 
view that differences in the reaction of endothelium are responsible for the resist- 
ance in the rat, or lack of resistance in the rabbit, towards cholesterol arterio- 
sclerosis. 

It is interesting to examine also the elastica interna in hydronephrosis of 
man. Inthe great majority of cases, however, the damage already will have lasted 
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Fig 3.—Rabbit. Interlobar branch of renal artery, 116 days after ligation of a ureter. 
elastica stain. X 200. Reduced \ for journal reproduction. 


Fig. 4.—-White rat. Cortical branch of renal artery, 110 days after ligation of a ureter 
elastica stain. xX 880. Reduced \ for journal reproduction 

Fig. 5.— White rat. Interlobar branch of renal artery, 172 days after ligation of a ureter 
elastica stain. Xx 300. Reduced \ for journal reproduction. 

Fig. 6.—Rabbit. Interlobar branch of renal artery, 96 days after ligation of a ureter 
elastica stain. 200. Reduced for journal reproduction. 
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for a relatively long time before it is possible to secure a specimen for microscopic 
examination, and thus the important first stages in the elastica damage are lost 
for observation. Moreover, since the lesion will occur mainly in adult persons, 
a differentiation from arteriosclerotic changes becomes very difficult. In the 
human material of hydronephrosis which was at our disposal, we found a great 
deal of splitting in the elastica accompanied by little degenerative phenomena, 
but since the tearing proper was not obvious it is very likely that repair processes 
have “breached the gap.”’ 


SUMMARY 


In experimental hydronephrosis of rabbits and rats, the cortical vessels 
become contorted, and the interlobar arteries overstretched. In both sets of 
vessels the elastica interna is torn, which tearing may be followed by elastosis. 
In comparison to elastosis seen in ligated vessels, that in hydronephrosis is rather 
scanty. Endothelial proliferation in vessels with torn elastica appears later in 
hydronephrosis than in ligated vessels. It is much less in rats than in rabbits. 
This species difference in endothelial reaction has perhaps a relation to the differ- 
ence in susceptibility of the two species for cholesterol arteriosclerosis. 
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PERSISTENT TRUNCUS ARTERIOSUS 


REPORT OF Two Cases WitH RiGut Aortic ARCH 


RicHARD D. Rowe, M.B.(N.Z.), M.R.C.P.(E), AND PETER VLAD, M.D. 


‘TORONTO, ONT. 


h hesreien arteriosus is an interesting but rare congenital malformation of 
the heart usually resulting in death in very early life. For years, the majority 
of accounts of the condition have concerned themselves chiefly with descriptions 
of the morbid anatomy. ‘There has been considerable confusion over what 
constitutes true truncus arteriosus, but recently an excellent review by Collett 
and Edwards! has clarified the anatomic situation. 

From the clinical viewpoint Taussig® was the first to describe in detail a tech- 
nique using fluoroscopy whereby ante-mortem diagnosis of this anomaly, espe- 
cially in newborn infants, was made possible. 

Angiocardiography would theoretically offer more certain confirmation of 
the diagnosis in suspected cases but so far no proved instances have been re- 
ported.® There is also a conspicuous absence in the literature to date of complete 
electrocardiograms in this malformation. 

The present report concerns two infants with autopsy-proved truncus 
arteriosus and right aortic arch in whom the pulmonary arteries arose directly 
from the single vessel. Both patients had electrocardiographic studies, and one 


underwent venous angiocardiography in addition. 


CASE REPORTS 


Case 1. T. B., a white boy, was born at term after a normal pregnancy, May 30, 1952. De- 
livery was spontaneous. The birth weight was 7 pounds 4 ounces. The family history was non- 
contributory. He was breast fed for four days but nursed poorly. On the fourth day he was 
found to be a grey-blue color and breathing rapidly. Twenty-four hours after the onset of these 
symptoms he was transferred from a maternity hospital with the provisional diagnosis of atel 
ectasis. 

On admission to the Hospital for Sick Children he had moderate dyspnea and slight general- 
ized cyanosis which seemed to lessen from the lips on crying. The thoracic cage was normal 
but air entry was diminished and percussion impaired over the left chest. The apex beat was 
160 per minute and was palpable in the fourth left intercostal space at the anterior axillary line. 
A grade 3 blowing systolic murmur was audible maximally at the fourth left intercostal space 
near the apex and radiated to the axilla and back. No thrill was palpable. Triple rhythm was 
present. Both femoral arteries were easily palpable. The liver was not enlarged. Roentgeno- 


grams of the chest in the anteroposterior view (Fig. 1) showed a displaced heart occupying the 
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left chest. The contour was obscured by a uniform opacity of the whole left hemithorax. The 
intercostal spaces on the left were crowded. The hilar shadows visible only on the right were 
slightly increased. In the left oblique view (Fig. 2) the right ventricle was enlarged and pro- 
jected forward. A large aorta indented the esophagus. 

The following day slight cyanosis was present only when out of oxygen and dyspnea was less 
evident. Triple rhythm was not detected. An oximetric examination revealed an arterial oxygen 
saturation of 67 per cent at rest and 48 per cent on crying. After this test the infant became 
deeply cyanosed and very dyspneic. At this time the liver was not enlarged, and there was no 
edema. 


Fig. 1 (Case 1).--Anteroposterior view of chest. age 5 days. 


Fig. 2 (Case 1).—Left oblique view of chest with barium swallow, age 5 days. 
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Over the next 3 days his respirations remained gasping and cyanosis was still marked. The 
poor air entry and impaired percussion note over the left chest remained unchanged. Fluid 
intake was maintained by the interstitial route. 

By the eleventh day of life a slow improvement was noted. Cyanosis was only slight while 
in oxygen, and the respirations were normal at rest. The systolic murmur had become louder 
and could not be localized to any particular intercostal space. The second sound at the base of 
the heart was accentuated, and the liver edge was palpable for the first time 3 cm. below the 
right costal margin. A second oximetric examination showed an arterial oxygen saturation of 
70 per cent while in oxygen falling to 60 per cent on crying. 

Oral feedings were resumed on the thirteenth day of life. 

This general improvement was maintained without change in the physical signs in the chest. 
A bronchogram showed Lipiodol filling the bronchial tree on the right. The left main bronchus 
arose at a wider angle than normally, and although filling was less evident on the left, all the main 
branches were identified on this side (Fig. 3). 


Fig. 3 (Case 1).—Bronchogram, age 14 days. 


On the nineteenth day of life cyanosis and rapid shallow breathing returned. The heart 
rate increased and fine rales became audible at the base of the right lower lobe. The liver edge 
was palpable 5 cm. below the right costal margin and generalized edema appeared. At fluoro- 
scopy the heart appeared grossly enlarged, but the left cardiac border could not be out- 
lined. Digoxin, two intramuscular doses of 4% mg., 8 hours apart, and Thiomerin 1% c.c. were 
administered with some initial benefit to this failure. The heart rate slowed, and the edema and 
dyspnea were reduced. 

On the twenty-first day fever and frequent loose stools appeared. By the twenty-fourth 
day these signs were marked and vomiting had become severe. Cyanosis returned and respira- 
tions became gasping. The apex rate was 140 per minute. There was no clinical evidence of 
respiratory infection. The infant died undramatically on the same day. 

Serial electrocardiograms were performed during life (Fig. 4 A and B). The tracing at 5 
days shows a normal sinus rhythm with a rate of 180 per minute. The P waves in Leads II and 
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aVr are peaked and 2 mm. high. This latter finding is present in all recorded chest leads. The 
P-R interval is 0.10 second. Right axis deviation is present, the QRS axis being around +140 
degrees. The duration of the QRS is 0.06 second. The right chest leads show predominant up- 
right R waves in RV;, V; and V2, transitional complexes in V4 and V; and a deep S wave in V6. 
The R/S ratio in V, is 10/0.5(20) and in V¢ is 6.5/13.5(0.48). RVi plus Sys totals 23.5 mm. R/Q 
in aVp is 8/2.5(3.2). The T wave is low upright in Lead I and aV_, and upright in all chest leads. 
The Q-T, interval is 0.380. The electrical position of the heart is horizontal. It is considered 
that this tracing is within normal limits for age apart from upright T waves in the right pre- 
cordial leads. 

At 9 days the electrocardiogram is abnormal and shows signs suggesting right ventricular 
hypertrophy, namely: QRS axis +180 degrees, and an R/S ratio in V¢ of 2.5/11.5(0.21). Other 
changes include inverted T waves in Leads II, III andaVy. The T waves in the right precordial 
leads remain upright and the Q-T, interval is 0.370. 

At 13 days in addition to further progression of the right ventricular hypertrophy as evi- 
denced by the R/S ratio in V, (0.07) there are changes compatible with heart failure. The T 
wave is inverted in Leads I, aVz, Vs, and Vs. Notched R waves in RV3, V; and V2 may indicate 
right ventricular dilatation from secondary diastolic overloading. (At this time there was no 
clinical evidence of cardiac decompensation). The voltage is generally increased and the Q-T, 
interval is lengthened to 0.490. 

The last electrocardiogram on the twenty-first day, 24 hours after digitalization, shows 
atrioventricular dissociation with a ventricular rate of 120 per minute, and possible evidence of 
subendocardial ischemia. These findings suggest toxic effect from Digoxin. There is a reduc- 
tion of voltage, persistence of signs of right ventricular hypertrophy, and shortening of the Q-T. 
interval in addition. The notching in the R waves over the right precordium has disappeared 
as has the deep T-wave inversion in V; and Vs. These signs probably indicate benefit from 
Digoxin therapy. Clinically, the apex rate had slowed at this time and occasional premature beats 
were heard on auscultation. Digoxin was then reduced to a maintenance dosage of 1/18 mg. per 
day. 

When the chest was opened at autopsy, the heart seemed to occupy all of the left chest but 
on inspection posteriorly in the upper third of the pleural cavity a small unfissured left lung was 
found. The right lung consisted of five portions (Fig. 5). The upper and middle lobes were 
normal. <A deep fissure separated a superior segment from the rest of the lower lobe. An acces- 
sory lobe lay inferomedially. The right bronchial architecture was normal except for an addi- 
tional branch passing to the inferomedial lobe. The left main bronchus was slightly narrowed. 
Thereafter, division occurred in the usual manner to the upper, middle, and lower portions of the 
left lung. The remaining two-thirds of the left pleural cavity were occupied by the heart. 

On opening the pericardium the two major vessels appeared to arise in the normal fashion, 
the pulmonary artery emerging to the left anteriorly, the aorta passing to the right posteriorly. 
The systemic venous return was normal. From the right lung the superior pulmonary vein 
drained the upper two lobes and the inferior the three lower lobes. From the left lung a single 
pulmonary vein emerged at the hilus. These vessels emptied in normal fashion into the left 
auricle. The aortic arch and descending aorta lay on the right side of the spine. Of the main 
aortic branches the first was the common origin of the right common carotid, left common carotid, 
and left subclavian arteries. The second orifice was the right subclavian artery. The ductus 
arteriosus was absent. Both auricles seemed enlarged, the right more so than the left. There 
was an unsealed foramen ovale. The valve flap was fenestrated along its lower anterior and 
upper posterior margins. The coronary sinus was normal. The mitral and tricuspid valves 
were normal. Both ventricles showed marked hypertrophy, the right being thicker than the 
left (measurements: right ventricle 10 mm., left ventricle 8 mm.). The ventricular septum 
was also very thick—7 to 15mm. A high, fairly large (9x7 mm.) defect was visible in its superior 
part. No membranous portion was present. The papillary muscles in the right ventricle were 
grossly thickened and hypertrophied. A common exit orifice guarded by 4 cusps (two right and 
two left) overrode the ventricular septal defect. The internal circumference of this vessel at 
the valvular ring measured 27 mm. A common trunk extended for 6 mm. before the main pul- 
monary artery emerged from the right anterior aspect (Fig. 5). The pulmonary artery was 
one-third the size of the systemic trunk and spiralled round the latter to a left posterior position 
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Fig. 4 (Case 1)—A Electrocardiogram: Limb leads at age of 5, 9, 13, and 21 days. 
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Fig. 4 B.—Electrocardiogram: Precordial leads at age of 5, 9, 12, and 21 days. 


Age~I3 days 


302 AMERICAN HEART JOURNAL 


before branching. The right pulmonary artery was about four times larger than the left branch. 
The larger aortic portion of the truncus overrode mainly the left ventricle. The pulmonary por- 
tion overlooked the right ventricular cavity only. The right coronary artery arose above the right 
posterior cusp of the common orifice. The left coronary artery arose above the commissure of 
the left anterior cusp. No obvious branching abnormalities were noted. 


Pulmonar 
Aorta 


Truncus Arter 


Left lung 
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poe Right lung, 
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Right ve ntricle. 


Fig. 5 (Case 1).—Drawings at autopsy. T. B. Age: 24 days. 


At microscopy the left lung showed features of primary atelectasis. In addition to this 
lack of aeration there were amounts of granular coagulum and numbers of mononuclear cells 
present. The small vessels appeared normal. 

Apart from a multilobed spleen and an accessory spleen no further abnormalities were en- 
countered at necropsy. 

Case 2. S. F., one of white twin girls, was born at term, Aug. 14, 1952. The birth weight 
was 6 pounds 11 ounces. ‘Twin brothers had been born two and one-half years previously. Each 
twin was apparently normal at birth but this infant was found to have a cardiac murmur when 
examined at 6 days of age. She failed to gain weight normally and on the day of admission, at 
4 weeks of age, she became cyanosed and dyspenic for 20 minutes. 

In the Hospital for Sick Children she appeared thin, weighing 6 pounds 12 ounces and had a 
weak cry. There was slight generalized cyanosis with crying. The thoracic cage was normal, 
and the apex rate was 150 per minute. A fairly loud harsh diffuse systolic murmur was audible 
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»ver the precordium, maximal at the third to fourth left intercostal space. The second sound 
at the base was accentuated. Both femoral arteries were palpable. There was no clinical evi- 
dence of heart failure. 

Fluoroscopy showed a moderately enlarged heart with a downward pcinted apex extending 
almost to the chest wall. There was a slightly convex left border and a prominent vascular con- 
tour in the region of the superior vena cava. The pulmonary vascular markings were somewhat 
increased but no hilar pulsations could be detected. Barium swallow showed a right aortic 
arch. 

A roentgenogram (Fig. 6) of the chest shows the transverse diameter of the heart to measure 
6.9 cm. and the internal diameter of the chest 10.2 cm. The hilar shadowing appeared greater 
than on fluoroscopy. 


Fig. 6 (Case 2).-—Anteroposterior vie v of chest, age 1 month. 


Oximetry revealed an arterial oxygen saturation of 95 per cent at rest, falling to 87 per cent 
after crying. 


An electrocardiogram (Fig. 7) shows regular sinus rhythm with a rate of 155 per minute. 
Che P waves in Lead II measure 1.5 mm., are isoelectric in Leads III and aVr, and are pointed 
diphasic in V; and V2. The P-R interval is 0.12 second. The electrical position is vertical. 
The QRS wave has a duration of 0.04 second and an axis of about +90 degrees. The precordial 
leads show isodiphasic QRS waves in Leads RV; to V;.. Predominant R wave is present in Vs. 
rhe R/S ratio in V; is 12.5/10.5(1.19) in V; to 9/7.5(1.2) and in V, to 10/2 (5). RV: plus Sy. 
totals 14.5 mm. R/Q in is 2/6(0.33). There is slight depression of the S-T segment inaV, 
and'Vy. The T waves are inverted in Leads I, aVi., V4, V3 and Vs and low upright inaVr. The 
Q-T, interval is 0.380 second. It is considered that this tracing shows left ventricular hypertrophy 
in a heart of vertical position with clockwise rotation and probable right auricular hypertrophy. 

A venous angiogram was performed with films taken simultaneously in anteroposterior 
and right lateral views at a speed of 6 per second. Dye entered the right auricle and right ven- 
tricle rapidly and at 0.8 second from the beginning of the injection the aorta and pulmonary arteries 
filled (Fig. 8, a). 

The aorta passed to the right while the pulmonary artery seemed small. After 0.85 second 
(Fig. 8, 6) better filling is observed. The descending aorta is visible on the right, and the dve 
leaves the right ventricle in a large vertical column. Both the aorta and the pulmonary artery 
seem to continue from this trunk. A very constant finding in both anteroposterior and lateral 
films up to 2 seconds was an irregular horizontal contour about 1 cm. from the superior angle of 
the tricuspid ring. The clear V shaped angle, in the anteroposterior view marking the deviation 
of aorta and pulmonary artery at a level of 1 cm. above the aforementioned horizontal line, is also 
visible in lateral films. Small vessel filling within the lungs is scanty. 
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The child was discharged from the hospital, and the status remained unaltered for the next 
3 months. After a brief episode described as pneumonia she died in another hospital on Dec. 
1, 1952. The preserved specimen with the great vessels limited to 3 cm. from the base of the 
heart is available (Fig. 9). 

The heart is markedly enlarged and egg-shaped. Its long diameter measures 6.5cm. Lying 
at the extreme right isa large right auricle. The anterior aspect of the ventricular mass is divided 
by the interventricular sulcus into two unequal portions—a large right area corresponding to the 
right ventricle and a smaller left (about one-third the size of the former) belonging to the left 
ventricle. The apex and the left border of the heart are entirely formed by the systemic ventricle 
and its upper aspect presents a fairly marked convex shoulder. At the base lying between the 
left ventricular shoulder and the great vessels is the left atrial appendage. Two great vessels 
appear to arise at the base of the heart, a relatively large right-posterior aorta and a relatively 
small pulmonary artery situated left anteriorly. Upon opening the heart the right atrium is 
found to be enlarged and hypertrophied. The inferior and superior vena cava enter it normally. 
The foramen ovale is completely sealed. The ostium of the coronary sinus lies medially from 
the orifice of the inferior vena cava and is guarded by a 6 mm. long membranous valve. ‘The left 
atrium is somewhat smaller than the right. Four pulmonary veins drain into it. The tricuspid 
and the mitral valves are normally formed. Numerous nodular thickenings occupy the margin 
of closure of their cusps. The right ventricle is markedly enlarged. Its walls measure only 
about 5 mm. in thickness but very prominent papillary muscles and trabeculae carneae are present. 
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Fig. 7 (Case 2) Electrocardiogram at age of 1 month 


Che left ventricular cavity is smaller than the right, but its walls are thicker, measuring 7 to 8 
mm. The ventricular septum is extremely thick, and an oval defect of about 11 by 6 mm. lies 
at its superior aspect. No membranous portion is present. A single exit valve common to both 
ventricles lies astride the interventricular septum. Its internal circumference measures 38 mm. 
rhree, one anterior and two posterior, large, thick competent cusps guard this orifice. The 
coronary Ostia are situated behind the posterior cusps, the right coronary artery arising from 


behind the right cusp and the left from behind the left. A large common arterial trunk supplying 
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Fig. 8 (Case 2).—Venous angiogram. 
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both the systemic and the pulmonary circulation arises at this level. After a distance of 11 
mm. it is divided by an oblique, crescentic ridge into two portions. The large posterior portion 
forms the ascending aorta and, 24 mm. from the truncus valve, gives off a major aortic branch 
anteriorly. The anterior portion is formed by what appears externally to be the pulmonary 
artery trunk. The internal architecture, however, shows that the two pulmonary artery branches 
arise separately, side by side, and then spiral in a clockwise direction. In this manner the channel 
which at its origin is situated on the right forms the left pulmonary artery and vice versa (Fig. 9). 
The right pulmonary artery branches again, well before passing beneath the aortic arch. From 
the anterior aspect of the right pulmonary artery 1 cm. above its origin a small, patent, thin- 
walled vessel arises. The future path of this vessel cannot be traced on the isolated specimen 
and is not included in Fig. 9. 


a 


Ventricular 
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Fig. 9 (Case 2)..—Drawings at autopsy. 8S. F. Age: 3% months, 


DISCUSSION 

Physical examination in persistent truncus arteriosus in infancy classically 
reveals moderate or severe cyanosis, a harsh systolic, or rarely a continuous 
murmur over the precordium, absence of normal splitting of the second basal 
heart sound and marked cardiac enlargement. Fluoroscopy has revealed a char- 
acteristic cardiac outline aptly termed the “‘sitting-duck” contour.‘ The aortic 
knob is always prominent, and while the degree of lung vascularity varies, it is 
These signs could be produced by extreme tetralogy of 


usually diminished. 
It is almost impossible 


Fallot or pulmonary atresia as well as truncus arteriosus. 
to make the diagnosis clinically in the absence of the typical roentgenographic 


contour. That the latter is not invariably present is evidenced by both our 
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cases. In neither was the cardiac outline alone of great help, although it was 
suggestive in Case 1. In this patient fluoroscopy was of less help than usual 
because of the associated lung anomaly. In the second case the cardiac outline 
in its left middle arch showed a prominent convex shoulder. A similar appear- 
ance is a common finding in complete uncomplicated transposition of the great 
vessels® and has been seen in a case of endocardial fibroelastosis. In all three 
conditions this localized bulge was formed by the lateral wall of the hypertrophied 
left ventricular inflow chamber in the presence of a large and/or hypertrophied 
right ventricle. 


Standard lead electrocardiograms have shown right-axis deviation in several 
reported patients and left-axis deviation in at least two instances. Our younger 
infant developed an increasing degree of right ventricular hypertrophy, while the 
older baby with an identical malformation showed left ventricular hypertrophy. 
It is interesting that at autopsy in each patient both ventricles were extremely 
hypertrophied. It will be seen in the electrocardiogram of Case 1 at 13 days that 
the T wave is inverted in Leads I, aV1, V; and V.¢ suggesting that in addition to 
the predominant right ventricular hypertrophy some degree of left chamber 
hypertrophy is present. Conversely in the electrocardiogram of Case 2 the asso- 
ciation of left ventricular hypertrophy with a vertical electrical position, clock- 
wise rotation and an R/S ratio in V, of over unity might be taken as evidence 
for hypertrophy of the other ventricle. It may be possible to recognize biventricu- 
lar hypertrophy electrocardiographically with greater ease when more distinct 
criteria have been formulated for this age group. The presence of right ven- 
tricular hypertrophy in the electrocardiogram is of no real help in the diagnosis 
of truncus arteriosus. On the other hand, when left ventricular hypertrophy is 
found in conjunction with the previously mentioned physical and radiologic 
signs the diagnosis of truncus arteriosus can be made more confidently because 
of the virtually certain exclusion of pulmonary atresia or extreme tetralogy of 
Fallot. 


The venous angiogram in our second patient reveals several interesting fea- 
tures, some of which will be peculiar to this particular type of the malformation 
and others common to all types. The common trunk is easily visualized and the 
pulmonary arteries are seen arising from it clearly some distance above the exit 
valve. It is difficult to see how angiocardiography could differentiate pulmonary 
atresia from truncus arteriosus where bronchial vessels form the sole pulmonary 
blood supply. 


Our two hearts had remarkably similar anatomic features, namely, right 
aortic arch, equal degree of overriding of the ventricular septal defect by the 
common trunk, hypertrophy of both ventricles and the low origin and reduced 
size of the pulmonary arteries. In both, the latter vessels arose right anteriorly 
and passed in a spiral manner upwards and to the left. Unusual findings were 
the associated hypoplasia of the left lung in Case 1 and the peculiar geminate 
origin and course of two independent pulmonary arteries in Case 2. It would 
appear that neither of these latter details have been encountered previously. 
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SUMMARY 


Two infants with persistent truncus arteriosus and right aortic arch proved 
by autopsy are described from their clinical and pathological aspects. 

The electrocardiogram shows in one case predominant right ventricular 
hypertrophy and in the other case predominant left ventricular hypertrophy, 
but both have features suggesting biventricular hypertrophy. 

A venous angiogram in one case reveals clear evidence of the malformation. 


Dr. Wilford Waite of Brantford, Ont., kindly sent us the specimen in Case 2. Weare indebted 


to Dr. J. D. Keith, Chief of the Cardiac Service, for helpful criticism, and to Miss M. Drummond 


and Mrs. G. Clawson of the Department of Visual Education, Hospital for Sick Children, for 


their valuable assistance. 
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Clinical Reports 


VENTRICULAR FIBRILLATION FOLLOWING THE ADMIN- 
ISTRATION OF ACETYL STROPHANTHIDIN 


ZEB L. BURRELL, JR., M.D. AND ROBERT P. CoGGins, M.D. 


AuGustTaA, GA. 


LTHOUGH ventricular fibrillation is usually mentioned as being the most 

important single cause of death in any discussion of digitalis intoxication 
there are few recorded cases with electrocardiographic substantiation. We were 
able to find seven cases from the literature with graphic illustration of ventricular 
fibrillation apparently caused by digitalis intoxication. 

Reid! in 1924 described a case of ventricular fibrillation occurring in a patient 
with auricular fibrillation who was given excessive amounts of tincture of digitalis. 
In this case the change was from auricular fibrillation to electrical bigeminy 
(bidirectional ventricular tachycardia) with abrupt change to ventricular fibrilla- 
tion. A case of ventricular fibrillation occurring in a patient approximately one 
minute after the injection of an unstated amount of ouabain was reported by 
Tandowsky and associates.” Beck and associates* reported a case of successful 
defibrillation by electric shock, the fibrillation following the administration of 1.6 
mg. lanatoside C to a patient for tachycardia developing during anesthesia. 
Two cases were reported in European journals in 1933 and 1935.4° Both of these 
cases followed the administration of strophanthidin. The first of these followed 
some hours after the administration of 0.125 mg. strophanthidin to a patient who 
had shown digitalis bigeminy some six days earlier. In this case the electro- 
cardiogram just prior to death showed ventricular tachycardia terminating in 
fibrillation. The second of these cases showed a merging of ventricular tachy- 
cardia and fibrillation in several places throughout the record, and although the 
fibrillation was controlled by the intracardiac injection of magnesium sulfate the 
patient died within a few hours. Enselbergh and associates® reported two cases 
of fibrillafion following the administration of acetyl strophanthidin. The first of 
their cases was fatal, the ventricular fibrillation beginning some six minutes after 
the injection of 1.2 mg. of acetyl strophanthidin intravenously in a patient who 
was in failure with a myocardial infarction of some five days duration. All 
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electrical activity ceased some twenty-three minutes after the injection. The 
second case followed the administration of 1.2 mg. of the drug to a patient with 
intractable heart failure, first occurring some ten minutes after injection and last- 
ing for approximately ten seconds with a second episode of approximately thirty 
seconds duration some fifteen minutes after injection. There was return to the 
preinjection state within forty-five minutes after the administration. 


CASE REPORT 


A 72-year-old Negro woman was admitted to the University Hospital from the emergency 
room at 6:30 p.M., September 20, 1952 in a semistuporous state. She had been followed in the 
outpatient department for a number of years, and according to the outpatient records she had been 
maintained on 100 mg. digitalis leaf daily for some years. 

During the week prior to admission she had had increasing shortness of breath and pain in 
the epigastric region. She had been seen in the emergency room two nights prior to admission. 
At that time she complained of shortness of breath and nausea. She was given aminophyllin, 
aluminum hydroxide gel, and belladonna at that time and advised to attend the outpatient 
department on the following day. She did not keep the appointment. On the evening of admis- 
sion she was found in a semistuporous condition by a neighbor and was brought to the emergency 
room. 

Examination at the time of admission revealed temperature 98.8° F., pulse 148 beats per 
minute, respiration 28 per minute, and blood pressure 190/120 mm. Hg. 

She was well developed, fairly well nourished, and appeared approximately the recorded age. 
She was sitting ina semiupright position; her sensorium was cloudy, and she responded very poorly 
to stimuli. The skin was dry and loose. The nail beds and mucous membranes were moderately 
cyanotic. The fundi showed arteriovenous nicking and tortuosity of vessels. The neck veins 
were markedly distended. No tracheal tug was present. Respiration was labored. The lungs 
were clear to palpation and percussion. There were medium moist rales over both bases, more 
pronounced posteriorly. The heart was enlarged to the anterior axillary line on the left. The apex 
impulse in the seventh intercostal space at the anterior axillary line was rapid and forceful. No 
thrills were felt. There was a soft, blowing systolic murmur at the apex. The abdomen was flat. 
No tenderness, rigidity, masses, or fluid were present. No organs were palpable. There was no 
sacral or pedal edema. The peripheral pulse was regular, rapid, and forceful. Reflexes were 
physiological, and no pathological reflexes were present. Clinical impressions were: (1) hyper- 
tensive cardiovascular disease, (2) congestive heart failure, moderate, and (3) aneurysm of the 
aorta to be ruled out. 

Electrocardiogram at this time (Fig. 1) was interpreted as an abnormal record showing: (1) 
sinus tachycardia with a rate of 148 per minute, (2) left ventricular hypertrophy and/or strain, 
(3) horizontal position, and (4) questionable digitalis effect. 

Following admission at 6:30 P.M. the patient was given 0.4 mg. lanatoside C intravenously, 
oxygen by nasal catheter bubbled constantly, through alcohol,’ and 120 mg. sodium phenobarbitol 
intramuscularly. Approximately one hour later she was given 0.5 Gm. aminophylline intra- 
venously. In spite of this treatment her condition had changed little after four and one-half hours 
and it was thought necessary to give additional digitalis. Because of its reported margin of safety 
and rapidity of excretion it was felt that acetyl strophanthidin would be the ideal drug in view 
of the unknown extent of digitalization. Six hours after admission a direct writing electrocardio- 
gram still showed no digitalis effect (Fig. 2, 1), and 0.5 mg. of acetyl strophanthidin was given 
intravenously over a period of approximately five minutes. At the completion of injection an 
electrocardiogram (Fig. 2, 2) showed no change. A tracing made one minute following completion 
of injection (Fig. 2,3) showed no change. Between one and two minutes following completion of 
injection the patient suddenly gasped, and the hitherto prominent carotid artery pulsations were 
observed to be no longer present. The electrocardiograph was immediately turned on and con- 
firmed the presence of ventricular fibrillation. The patient made only two or three gasping 
respiratory efforts and all electrical activity had ceased some six minutes after the completion of 
injection, there being no further complexes other than those of fibrillation (Fig. 2, 4 to 9). Per- 


mission for autopsy was not obtained. 
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COMMENT 


In discussing their two cases and analyzing the other cases appearing in the 
literature, Enselberg and associates® describe what is called a_prefibrillatory 
state which occurs in the majority of these patients. This state consists of ven- 
tricular premature beats, coupling, polymorphism, runs of ventricular extra- 
systoles, and paroxsyms of ventricular tachycardia. By watching for these signs 
of ventricular hyperirritability it should be possible to prevent the catastrophe 
of ventricular fibrillation. 
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Fig. 1.—Electrocardiogram at time of admission. 
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; Approximately two minutes following completion of injec- 
tion 5-9 Thirty second intervals following 4 


Fig. 2.—1 Prior to injection of 0.6 mg. acetyl strophanthidin. 2 At completion of injection 


3 One minute following completion 
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It is of note that these signs were not observed in our case. There were none 
of these warnings present prior to injection, at the completion of injection, and 
one minute following completion of injection. Shortly after the electrocardio- 
graph was turned off following the one-minute tracing the patient gasped with 
the clinical onset of fibrillation. The machine was turned on immediately and the 
tracing showed ventricular fibrillation. If a prefibrillatory state existed in this 
case it was certainly of short duration—probably less than thirty to forty-five 
seconds. 

The various ventricular arrhythmias are known to predispose to ventricular 
fibrillation and therefore offer a contraindication to the use of the rapid acting 
digitalis preparations, but the occurrence of such accidents even in the absence of 
contraindications makes it obvious that such can be prevented only by refusal 
to use the rapid acting intravenous preparations when any of the more con- 
servative preparations will suffice. 


SUMMARY AND CONCLUSIONS 


1. Seven cases from the literature of ventricular fibrillation with electro- 
cardiographic substantiation, apparently from digitalis intoxication, are briefly 
presented. 

2. An additional case of ventricular fibrillation from acetyl strophanthidin 
with no apparent prefibrillatory state is reported. 

3. It is concluded that such accidents can be avoided only by the refusal 
to use rapid acting digitalis preparations when a slower preparation will suffice 
and that the previously stated contraindications and warning signs are not always 
reliable. 
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COMBINED MITRAL AND PULMONARY ATRESIA 


CONRAD R. Lam, M.D., E. M. KniGuts, M.D., AND R. F. ZIEGLER, M.D. 


Detroit, MICH. 


ONGENITAL mitral atresia is itself a rare anomaly and its combination 

with pulmonary atresia has not been reported previously. The possibility 
of an infant surviving the neonatal period with no clear-cut way of blood reach- 
ing the iungs or leaving them would have seemed extremely remote. Never- 
theless, this child was able to exist for three months, at which time operative 
intervention to relieve the cyanosis was attempted. 

In Abbott's atlas' which presents an analysis of 1,000 cases are listed five 
cases of mitral -atresia. Concomitant defects were patent ductus arteriosus 
(2 cases) and atrial septal defects (4 cases). There was no instance of associated 
atresia or stenosis of the pulmonary artery; in fact, in three cases the pulmonary 
artery was said to be dilated. 

Taussig’s book? was consulted and only two cases of mitral atresia were 
noted. Associated defects in an infant dying at 5 days were widely patent fora- 
men ovale and aortic atresia; the pulmonary artery was normal. The second 
infant died at the age of 10 weeks and examination of the heart showed mitral 
atresia, a single ventricle with transposition of the aorta and pulmonary artery, 
and a small opening in the auricular septum. 


CASE REPORT 


K. B., a white baby girl, was first seen at the age of 7 weeks for the evaluation of cyanotic 
congenital heart disease. The family history was negative with respect to the health of two sib- 
lings, any familial history of congenital defects or maternal illness during pregnancy. The 
patient was born by breech delivery at full term and had had constant cyanosis since birth. In 
addition, there was persistent hyperpnea with periodic episodes of increased dyspnea and cyanosis 
but no limpness or loss of consciousness. Growth and development were fairly normal, her 
birth weight being 5 pounds 7 ounces with an increase to 7 pounds 7 ounces at 7 weeks. The 
initial examination revealed, in addition to the cyanosis, a moderately loud systolic murmur heard 
best at the base of the heart. No diastolic murmur could be heard, the femoral artery pulsations 
were palpable and there was no evidence of congestive heart failure. Fluoroscopic examination 
showed no over-all increase in the heart size and the cardiac configuration was compatible with 
that usually seen in tetralogy of Fallot. (Fig. 1) The lung fields were remarkably clear. The 
electrocardiogram displayed evidence of right ventricular hypertrophy but with a pattern which 
was distinctly unusual for an uncomplicated tetralogy. (Fig. 2) On the basis of this infor- 
mation it seemed certain that there was diminished pulmonary blood flow and an intracardiac 
venous-arterial shunt, so other diagnostic procedures such as cardiac catheterization and angio- 


cardiography were thought unnecessary. 
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During the ensuing month and a half, growth rate was diminished and the baby had increasing 
disability with the occurrence of severe anoxic attacks with loss of consciousness. It was felt 
at this time that a shunting type of operation should be done in order to increase the volume of 
pulmonary blood flow. Accordingly, under endotracheal cyclopropane anesthesia and with 
cooling by means of ice bags, the usual posterolateral thoracotomy for the Pott’s procedure was 
carried out. It was possible to create a small side-to-side anastomosis between the aorta and a 
markedly hypoplastic left pulmonary artery. Just as the posterior part of the suture line was 
completed, the heart dilated and stopped. The balance of the suturing of the anastomosis was 
completed as rapidly as possible and the constricting ligatures and Pott’s clamp were removed. 
Cardiac massage was begun about five minutes after the standstill. After about 10 minutes, 
the heart began to beat slowly and regularly and the exposed tissues appeared less cyanotic than 
before the operation. No thrill could be palpated in the small pulmonary artery, but it was 
assumed that the anastomosis was functioning. The chest was closed and the infant returned 
to an oxygen incubator, with very definite improvement in color. 

Immediately after the operation, a rather distant continuous murmur could be heard over 
the left upper chest anteriorly. The color remained improved, but the patient did not regain 
consciousness, a fact which was attributed to the period of asystole. Decerebrate rigidity, how- 
ever, was not present. Within two hours, the continuous murmur gradually disappeared and the 
cyanosis returned. The left chest showed impairment to percussion and decrease in breath 
sounds. Thoracentesis for the relief of possible hemothorax was productive of only 7 c.c. of 
blood. The child expired 4 hours after the operation. 


Fig. 1.—Posteroanterior roentgenogram of chest. 


Necropsy.—The positive findings were confined to the thoracic cavity. The left pleural 
space contained about 10 c.c. of serosanguinous fluid. A slightly greater quantity of thinner 
fluid was present on the right. The two lungs were strikingly dissimilar in appearance. The 
left was dark reddish blue in color, moist and somewhat larger than the right, which was paler 
in color. (Fig. 3) The heart and lungs were removed in a block for more accurate dissection 
and evaluation. When viewed anteriorly, the right atrium and ventricle were seen to be extremely 
large. The left atrium and ventricle were correspondingly much smaller. Following were the 
findings in the dissected heart: 

1. Right ventricular hypertrophy. The right ventricle was approximately six times as large 
as the left. The wall measured 0.6 cm. in thickness after fixation. 

2. Pulmonic valve atresia. The pulmonary artery arose blindly in the anterior superior wall 


of the left ventricle. No valve was present. The vessel measured 0.4 cm. in diameter and was 
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connected to the aorta by a ductus arteriosus of slightly smaller diameter. The end of the ductus 
opening into the pulmonary artery was small and barely admitted a fine probe. 

3. Patent interventricular septum. There was an oval opening in the posterior superior 
portion of the interventricular septum measuring 0.6 cm. in greatest diameter. 

4. Extreme dextroposition of the aorta. The aorta overrode the patent interventricular 
septum, arising more from the right than from the left ventricle and posterior to the rudimentary 
blind ending of the pulmonary artery. The aortic valve was well formed and measured 2.8 cm. 
in circumference. The coronary orifices were in their usual locations. 

5. Atresia of the mitral valve. The mitral valve had failed to develop and there was no 
trace of leaflets or chordae with rudimentary musculature. There was no connection between 
the left atrium and the small left ventricle. The left atrium was almost completely divided by 
a longitudinal septum which was 0.2 cm. to 0.3 cm. in thickness. The division was not complete, 
however, and the two chambers were joined inferiorly. All pulmonary veins emptied into the 
medial chamber of the left atrium. 

The left ventricle was completely independent of the pulmonary venous return. Its chamber 
was small, and its wall averaged 0.8 cm. in thickness. 

Examination of the interatrial septum disclosed that the foramen ovale was sealed com- 
pletely. The tricuspid valve measured 4.5 cm. in circumference. The leaflets were thin and 
smooth and the chordae tendinae were delicate, discrete strands. 

A patent anastomosis was found between the aorta and the left pulmonary artery. The 
ascending aorta measured 1.3 cm. in diameter and appeared to be moderately dilated. 


Fig. 3.—-View of the lungs and heart from behind. Note the extreme congestion of the left lung as 
compared with the right 


Che lungs were not weighed in order to preserve the relationship with the vascular system. 
All of the pulmonary veins opened into the left atrium. .\ careful search was made for anomalous 
drainage into the systemic venous system, such as was described by Edwards and DuShane,* 
but none was found grossly. The cut surface of the left lung was found to be congested, wet and 
dark reddish blue in color. Section of the right lung revealed less evidence of congestion, with 
some crepitation. Most of the smaller venous branches (1 to 2 mm.) of both lungs were found 
to be dilated, and they contained post-mortem thrombi. Microscopic examination of the lungs 
showed marked congestive changes of both arterial and venous systems. There was more dila- 
tation of the arterial system on the left than on the right. There were no organizing thrombi. 
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The alveolar walls were thickened, and the alveoli contained large numbers of free cells, many of 
which were macrophages. These contained little or no pigment. The bronchi were empty, 
with normal epithelium. 

Microscopic study of the hilar regions of both lungs showed dilatation of bronchial arteries 
and veins which undoubtedly served as the collateral bed which permitted blood to flow from 
systemic arteries into pulmonary arteries and from pulmonary veins into the tributaries of the 


vena Cava. 


Ductus arteriosus 


Potts’ 
anastomosis 


Pulm. artery 


Pulm. veins 


Atretic 
mitral valve 


Fig. 4.— Diagram of the heart, illustrating mitral atresia, pulmonary atresia, and ot her anomalies 


DISCUSSION 


The sequence of events following the creation of the aortico-pulmonary 
fistula is readily explainable in the light of the autopsy findings. Both afferent 
and efferent pulmonary blood flow had been through small collateral vessels 
which connected with systemic arteries and veins. The shunting of a relatively 
large amount of blood through the Pott’s anastomosis into the lungs, especially 
the left, promptly resulted in pulmonary congestion. Theoretically, the cre- 
ation of an interatrial defect at the time of the operation would have been de- 
sirable, since this would have provided a path of egress from the blind left auricle. 
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The pathway of pulmonary circulation before the operation appears to have 
been as follows: vena cava, right auricle, right ventricle, aorta, bronchial arteries, 
pulmonary arteries, pulmonary veins, and finally, small collateral veins leading 
into the vena cava, via the azygos system. 


SUMMARY 


A cyanotic infant of three months died following a Pott’s operation (anas- 
tomosis between the aorta and the left pulmonary artery). Autopsy showed a 
hitherto undescribed anomalous structure of the heart. There was atresia of 
both the mitral and pulmonary valves, together with a questionably patent 
ductus arteriosus, intact interatrial septum, and an interventricular septal defect. 
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ANNOUNCEMENTS 


INTERNATIONAL SYMPOSIUM ON CARDIOVASCULAR REGULATIONS sponsored by the University 
of Vermont, College of Medicine, and the New Hampshire and Vermont Heart Associations will 
be held at Burlington, Vermont, Sept. 8, 9, 10, 1953. Papers will be presented by several speakers 
from abroad, such as: G. V. Anrep (Cairo, Egypt); E. Braun-Menéndez (Buenos Aires, Argen- 
tina); H. R. Croxatto (Santiago, Chile); O. Edholm (London, England); U. S. v. Euler (Stock- 
holm, Sweden); W. Feldberg (London, England); H. Hensel (Heidelberg, Germany). Registra- 
tion fee $2.00. For more information write to W. Raab, M.D., University of Vermont, College 
of Medicine, Burlington, Vermont. 


A SYMPOSIUM ON CARDIOVASCULAR PHYSIOLOGY AND SURGERY will be presented by the Uni- 
versity of Minnesota, under the auspices of the Minnesota Heart Association, from Sept. 14 to 
16, 1953, in the Museum of Natural History Auditorium on the university campus. A host of 
internationally known physiologists and vascular surgeons will participate. The symposium 
will be open, without tuition fee, to all physicians and to qualified investigators in the field of 
cardiac physiology. Housing accommodations will be available on the campus for out-of-town 
registrants. Further information may be obtained from the Director, Department of Con- 
tinuation Medical Education, University of Minnesota Hospitals, Minneapolis 14, Minn. 


Book Reviews 


MONOGRAPHS IN MEDICINE. Series I, Ed. by William B. Bean, M.D.; Associate Editors, Morton 
Hamburger, M.D., John A. Leutscher, Jr., M.D., and Stewart Wolf, M.D., Baltimore, 1952, 
Williams & Wilkins Company. 


The stated purpose of this volume is to furnish a compromise between the journal focused 
on the temporary present and the fully comprehensive volume. It aims to provide a series of 
articles varying widely but in fields germane to general medicine. If successful, the editors 
apparently hope that the volume will be the first of a series. It is not unlike Medicine in its 
scope. 

It contains the followlng articles: Talking with the Patient, Stewart Wolf; Precordial Noises 
Heard at a Distance from the Chest, William B. Bean; Physiology of the Body Fluids, William W. 
Wallace; Angiocardiography, Charles T. Dotter and Israel Steinberg; Portal Hypertension, Mary 
Ann Payne and Charles G, Child, III; Pheochromocytoma, Henry Aranow, Jr.; Respiratory Failure 
in Neuromuscular Disorders, Fred Plum; Cortisone and ACTH in Infectious Processes, Max Michael, 
Jr.; Prevention of Rheumatic Fever, Charles H. Rammelkamp, Jr. and Floyd W. Denny; Amebiasis, 
Henry E. Hamilton; The Present Status of the Chemotherapy of Human Malaria, L. H. Schmidt; 
The Seasonal, Arthropod-borne, Virus Encephalitides, R. Walter Schlesinger; Sickle-Cell Anemia, 
Byrd S. Leavell and William A. Macllwaine; The Growth and Maturation of the Erythrocyte, Richard 
W. Vilter and John F. Mueller; Chemical Agents Used in the Treatment of Inoperable and Far- 
advanced Neoplastic Disease, David A. Karnofsky. 

Both the names of the editors and those of the contributors guarantee the worth of the articles. 
They are beautifully written and several of them are of direct importance to the cardiologist. 
Others have a less direct appeal, such as the article on the growth and maturation of the erythro- 
cyte and the one on the chemical agents used in the treatment of neoplastic disease. Neverthe- 
less, they deal with fundamental aspects of cellular biology which will soon invade the field of 
cardiology and they may be read with profit by the cardiologist. Bean's article on precordial 
noises is a classic reminiscent of Osler, and the articles on angiography and on portal hyper- 
tension are also beautiful and complete. 

This volume should be on the shelves of every good medical library. 

One point which puzzled the reviewer was the price ($12.00) which may militate against 
the book’s getting a very wide circulation. This method of collecting a series of articles within 
one volume is in sharp competition with the technique which other American and British 
publishers have adopted of publishing short monographs as small, separate, moderately priced 
volumes. The medical book trade is sure to follow these experiments closely. However, there 
; is no question of the value of the review-monograph in orienting the medical reader in the vast 


profusion of medical literature which is flooding the country. 


PROCEEDINGS OF THE ANNUAL MEETING, CouNcIL FoR HiGH BLoop PRESSURE RESEARCH, 

AMERICAN Heart Association, 1952. New York, 1952, American Heart Association. 

113 pp.; pr. $1.75. 

The scientific section of the Proceedings contains six papers, five of which deal with various 
aspects of atherosclerosis from the experimental point of view. The subjects discussed include 
isotopic studies of cholesterol metabolism, the relation between plasma lipoprotein concentration 
and the susceptibility of different species to atherosclerosis, the mechanism of the clearing action 
of heparin on lipemic serum, the inhibition of experimental atherosclerosis by estrogens, and a 
method for studying the early stages of cholesterol atherosclerosis by microscopic examination of 
the intimal surface of the rabbit's aorta. The sixth paper deals with the production of acute 
arterial injury in dogs by injections of epinephrine or allylamine and saline suspensions of egg 
yolk. 

The second section is devoted to a series of brief nontechnical reports on recent advances in 
various fields of cardiovascular research, including atherosclerosis, coronary thrombosis, hyper- 


tension, rheumatic heart disease, congenital heart disease, and cardiac surgery. 


K.E. 
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